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1. INTRODUCTION

~. _L.1 Background
. The Naval Civil Engineering Laboratory (NCEL) has th= ongoing task of research directed
towurds'producing a high strength collapsible fuel conduit that can be quickly deployed by operating
tieet personnel in support of amphibious invasion forces. Current requirements are for a flexible
tlowline cupa'ble for ship-to-shore delivery of 1 million gallons of fue} within twenty hours over a
distance of 4 miles.
> NCEL has been evaluating a number of tlowline options including hoses of 6. 8, and 10-inch
diameters manufactured with a wide variety of materials, fabrication methods, and physical properties.
Little in the way of generic models is available for assessing the performance of these products.
Similarly, it has been unclear which sort of nondestructive and destructive tests accurately predict
the performance of these products in service. /These issues have become critical to the Navy in their
desire to purchase the best products for-the mission and to understand the influences of handling,
operationat, and-environmental loads on the expected lifetime of these products.

1.2 Project Objectives and Tasking

~ Southwest Research Institute was tasked to assist NCEL in the evaluation of the various hose
construction options available, with an objective of gathering data which would further understanding
of the generic performance of elastomeric hoses in a flowline applicatioy Specifically, it was desired
to subject a variety of hose types to a standard battery of tests ifi order to gain data for performance
comparisons and insight into those nondestructive and destructive tests which are the best predictors
of in-service performance.‘ A series of nine structural tests were conducted in order to formulate a
data base of performance data for the various types of hoses supplied for evaluation. NCEL provided
SwRI with 14 hose samples of S different types from 3 different manufacturers for testing. The hose ;
samples ranged from thin-walled, polyester reinforced hose to thick-+alled, wire-reinforced hoses. (; e ‘)'

The performance of the hoses in the tests varied widely, providing the desired insight into the effect '\
of hose material and design on specific aspects of performance.

1.3 Report Organization

This final report is organized into four sections and two appendices. Following this introduction
is "Test P{ogram Contents" which describes in detail each of the hose samples and the tests performed.
A test matrix is provided which is a quick reference to see which hose was used in which test.
Abbreviated test procedures for each test used during the project are included in Appendix A.

Thethird section, "Test Results and Analyses”, presents the details of the testing program results
and a discussion of the significance of each. Graphs are used to summarize test data. Appendix B

contains all of the raw test data.




The report conclusions and recommendations are contained in the fourth section. In addition to this

report, a single separate looseleat binder of original test color photographs is provided.




2. TEST PROGRAM CONTENTS

2.1 Test Matrix

The tests and inspections performed in this program are shown in the test matrix. Table 1. The
test procedures were similar to those used in the recently completed test program for the tuel conduit
of the Navsea sponsored Offshore Petroleum Distribution System (OPDS). Those procedures, in
turn, were derived from the standardized hose tests recommended by the Oil Companies [nternational
Marine Forum (OCIMF).

Table 1.
Hose Test Matrix

PROCEDURE
L Acceptance} Hydrostatic} Kerosene/| Burst Axial Kink { Torsional| Crush

Sample Vacuum Strength Suffness
8P12A X X X X X

8Pi12B X X X
SUAIZA X X X X X X
SUAILZB X X X

SLAI0 X X X

6UA30 X X X X X

HLAL X X X X
oL F10A X X
6LF10B X X X
6LUF20 X X X X X

6AW 12 X X X

6AWG6 X X X

6AP12 X X X

6AP6 X X X

Each of the fourteen hose samples was marked with a unique serial number prior to testing.
The numbering scheme is explained below in section 3.1 of this report.

The characteristics of the test samples are summarized in Table 2 below.




Table 2.
Test Sample Characteristics
Hose Length Manufacturer Couplings/
Sample (feet) and Type End Fittings
8P12A/B 12 Pirelli ANSI 300 Flanges
6UF20 20 Uniroyal Manuli Hydrasearch Split Clamp
Float/Sink Threaded Flange
o6UF10A/B 10 Uniroyal Manuli Hydrasearch Split Clamp
Float/Sink Threaded Flange
oUAIL2 12 Uniroyal Manuli ANSI 300 Flanges
ACP
6UA30 30 Uniroyal Manuli ANSI 300 Flanges
ACP
8UAI12A/B 12 Uniroyal Manuli ANSI 300 Flanges
ACP
SUALD 10 Uniroyal Manuli Hydrasearch Repair Coupling/
ACP ANSI 300 Flanges
6AWO6 6 Angus Angus Split Clamp/
ANSI 300 Flanges
6AW12 12 Angus Angus Split Clamp/
ANSI 300 Flanges
6AP6 6 Angus Angus Split Clamp/
ANSI 300 Flanges
6AP12 12 Angus Angus Split Clamp/
ANSI 300 Flanges

2.1.1 Note on Inherent Test Limitations
Ideally, it is desirable to perform tests to determine the properties of the hose carcass con-
struction alone, independent of any end effects due to couplings, effects of sample length, or other




factors. Asa practical matter. however, hoses must be terminated with couplings in order to contamn
pressure and to provide attachment points tor applying external loads. Hose lengths must also e

appropriite to test equipment and tacilities which are practical in scale and expense.

The reality of hose testing is that test samples are really hose svstems, consisting ot the hose
and the hose termination or coupling device. Every attempt was made during the testing program
to eliminate the effects on test performance of coupling type and sample length. In some tests,
however, failure occurred not in the hose carcass. but in the coupling, or as a result of the attachment
method of the coupling. In such cases, the data has been appropriately noted. Caution must be
exercised when evaluating results and making comparisons between hose samples which failed in the
carcass, and those which failed due to the coupling since the samples provided for testing were ter-

minated with a variety of coupling types.

2.2 Test Descriptions

There tollows a briet description of each of the inspections and tests, together with the rationule
tor inclusion of the test or inspection in the testing program. Abbreviated procedures used for each
test are included in Appendix A.

2.2.1 Acceptance Inspection

An acceptance inspection was performed on each sample before any further testing. The
acceptance inspection consisted of an external inspection to document the initial dimensions and
condition of the test sample before exposure to any external loads. The inspection data thus established
a base line of dimensions and conditions permitting quantitative evaluation of the sample’s response
to the various test loads. The inspection was performed using measuring tapes and still photographs.

2.2.2 Hydrostatic Test
The purpose of the hydrostatic pressure test was to determine the structural integrity of each
sample under interna! pressure equal to the designed maximum pressure.

The test sample was filled with water and pressurized according to a time vs. pressure schedule.
Dat . was taken for sample elongation while under pressure and compared to the unpressurized length
tor calculation of temporary and permanent elongation. Because of difficuities in obtaining a seal
between the Angus hoses and the Angus couplings, the Angus samples were tested while suspended
vertically with a 650 pound weight hanging from the lower coupling. This procedure was necessitated
by the unique design of the Angus coupling, which is tapered and designed to seat under tension.
The photograph of Figure 1 shows sample 6AP6 undergoing the hydrostatic test.
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Figure 1,
Hydrostatic Testing of Sample 6AP6

2.2.3 Kerosene Test
The kerosene test was designed to reveal any material incompatibility between the sample inner
tube and a highly seeking, low viscosity petroleum fluid. The test also reveals any manutacturing

flaws such as cracks. delaminations, or punctures in the inner tube.

For the test. the sumples were pressurized with kerosene for six hours at the operating pressure
appropriate for each hose, followed by twelve hours pressurized to one halt ot the operating pressure.
Kerosene forced into hose carcass tlaws under pressure then typically causes blisters or obvious
delaminations. Immediately upon completion of the kerosene test, the samples were subjected to
the vacuum test, which served to "develop” the kerosene test. revealing any kerosene penetration (nto
the carcass or nipple area. The photograph of Figure 2 shows samples 3P12B and SUAIZB during
the kerosene test.




Figure 2.

Kerosene Test in Progress

Becuuse of the coupling ditticulties previously mentioned. the Angus saumples were kerosene
tested vertically with a weight hanging trom the lower coupling to aid in sealing the coupling o i
hoses. A leak proof. pressure holding seal could never be obtained on the Angus samples. s the

Kerosene test was moditied to simply till and soak the hoses with kerosene.

2.2.4 Vacuum Test

The vacuum test immediately tollowed the kerosene test. The purpose of the vacuum test is
to draw any penetrated kerosene back into the hose bore where it can be easily observed. Following
the kerosene test. each he e sample was completely drained and dried, so that any fluid reappearing
during the vacuum test could be interpreted as having been drawn out of cracks. holes. or other flaws
in the construction. The sumple was then fitted with clear acrylic blind flanges equipped with fittings
to draw & vacuum on the hose bore. Once under a vacuum of 13 inches of mercury. the hose bore
was examined tor the presence ot Kerosene by using a strong light to provide illumination through
the clear tlanges. [f carcass penetration by the Kerosene has been severe, delamination can resuit
and the inper tube will often collapse under vacuum.

~J




2.2.5 Burst Test

The purpose of the burst test was to determine the maximum pressure carrying capubility o
each sumple. The sample was pressurized to the maximum recommended hose design pressure: or
1.3 times the hose operating pressure, whichever was greater; and held for 15 minutes. After the

hold period. the pressure was rapidly but steadily increased until burst occurred.

2.2.6 Axial Strength Test

Axial strength testing consisted of two parts. First, the axial stiffness of each sample was
determined by measuring the amount of elongation for various 'oads up to 25,000 pounds tension for
all samples except the Pirelli sample, which was pulled to only 15,900 pounds. The Pirelli sample
demonstrated much higher elongation than the other samples, and the loads during this part of testing
were limited to avoid damaging the hose.

The second part of the testing was a determination of ultimate tensile strength. In this part of
the test. the samples were pulled steadily and continuously until failure.

The tests were pertormed in the SWRI Hose Tension Test Machine, capable of 215,000 pounds
tension using a long stroke 10-inch hydraulic cylinder. The machine can accommodate sample
elongations of 5 feet and is designed for tension sample initial lengths of 12 feet or less. Figure 3
shows sample 8UA12A undergoing the axial strength test. Sample elongation was measured with a
steel tape measure during the axial stiffness portion of the test, and with a string potentiometer during
the ultimate tensile strength portion.




Figure 3.
Axial Strength Test of Sample 8UA12A

2.2.7 Bending Stiffness and Kink Test

The purpose of the kink test was to determine the minimum radius ot each sample betore
Kinkingand its ability to withstand kinking without structural degradation. Originally. it was proposed
to pertorm the tests using the SWRI developed logarithmic spiral kink test apparatus. For reasons
explained in the "Test Results and Analyses” section below. this method had to be abandoned in tavor
ot the more conventional method, in which the two ends of the sample are drawn together until 4
Kink is formed. as illustrated in Figure 4. In some instances it was necessary to pass one end over

the other to induce the kink. After kinking, the bending radius was measured and the kink location
noted.




Figure 4.
Kink Test of Sample 8UA12A

2.2.8 Torsional Stiffness Test

Torsional stitfness tests were conducted to obtain torsional stitfness data for cach sample. The
torsional stiffness is an important property necessary to understand the twisting behavior of hoses.
Two SWRI developed test machines, the Hose Torsion Tower and Horizontal Hose Torsion Tunk.
were used tor the testing.

The tirst machine, the SWRI Hose Torsion Tower, measures the torsional stittness of vertically
suspended samples. Its main teature is a 50-foot tall latticed tower with square cross section. as shown
in Figure 5.
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Figure 5.
SwRI Hose Torsion Tower

The open area in the middle of the tower is approximately 6 teet by 3 feet. At the centerline
ot the tower on the base plate is mounted a 3,000 ft-lb capacity hydraulic rotary actuator. The upper
end ot the test sample is attached to a moveable cross beam in the tower and the lower end is attached
to the rotary actuator by means of a slip joint which transmits torque but allows free movement in
the axial direction to accommodate sample foreshortening under torsion. A scale on the rotating
head of the actuator permits reading of the angle of twist of the sample.

The second machine, the Horizontal Hose Torsion Tank. measures the torsional stiffness ot
horizontal samples. tloating in water. It is « frame and water tank assembly as shown in Figure 0.




Figure 6.

Horizontal Hose Torsion Tank

Atone end. the tloating sample is fixed to the frame. Atthe other end. a special tlange is titted
to which a central shatt is attached. The shaft passes through two bearing plates attached to the
trame. which permit free rotation and axial sliding of the shaft. but constrains the lateral movement
of the sample as it is twisted. Torque is applied by a cable passing over a curved shoe/moment arm
assembly attached to the special flange at the live end of the hose. A scale on the moment arm
assembly indicates the angle of twist of the sample.

Eachof the test samples were equipped with blind flanges with pressure and vent taps permitting
internal pressurization during testing.

12




2.29 Crush Test

Crush resis & oz poertormed

r measure the amount of residual detormation induced 2w
ample by oaorisnoz e SaRES Tingus Olsen teasile testing machine With a4 o 28-inch Gty

SrUsRINg ram s eoit or e tesis The test apparatus is shown in Figure =

Figure 7.

Crush Test in Progress

Due to size limitations of the machine, 48-inch long unterminated test samples were used. Each
specimen was crushed trom 10 to 100 percent of its original inside diameter in 10 percent increments.
At cach increment the residual deformation was measured after 1 minute of relaxation.




3. TEST RESULTS AND ANALYSES

3.1 Acceptance Inspections
Acceptance inspections were performed on the test samples prior to starting the testing pro-
gram. Because the Angus hose samples were provided in 20-foot, unfinished lengths with one set ot

couplings: they were cut. assembled. and inspected just prior to use.

As part of the inspection each sample was measured, photographed. and assigned a unique
serial number. The assigned number was determined by using the nominal diameter of the hose (0
or 8 inches), the first letter of the manufacturer’s name (Uniroyal, Pirelli or Angus), a letter corre-
sponding to the hose type ("A" for Advanced Collapsible Pipe (ACP) hoses, "F" for tloat/sink hoses.
"P" for the polyester prototype, etc.), and the nominal length. Finally, where two samples were
identical, the letter "A" or "B" was appended to identification number. For example, one of the 8-inch
diameter. Uniroyal, ACP type. 12-foot long hose samples was assigned the serial number SUA12A.
the other SUA12B.

No significant flaws were noted in the samples and all were accepted for further testing.

3.2 Hydrostatic Tests

Hydrostatic tests were conducted on samples 8UA12A, 8UA 10, 6UA30, 6UF20.8P12A  6AP6.
and 6AW6. All except 6AW6 successfully passed the hydrostatic tests. Sample 6AWG6 burst during
the first pressurization cycle at 89 percent of its hydrostatic test pressure (see "Burst Tests" section
for more information). The following table summarizes the elongation behavior during hydrostatic

testing.

Table 3.
Hydrostatic Test Results
Hose Test Elongation Residual
Sample Pressure at Pressure Elongation
(psi) (%) (%)
SUAI2A 1,066 0.13 -0.04
S8UAI1L0 1,066 -0.20 0.05
6UA30 1,066 -0.97 0.03
6UF20 600 1.64 -0.05
8P12A 600 -0.56 0.17
6AP6 325 1.65 0.08
14




In general. the positive or negative elongation of the sample can be explained on the basis o
the lay angle of the reinforcement plies. It can be shown mathematically that the neutral lay ungle
for hose reintorcement plies to resist internal pressure is 34.736 degrees. In other words. rein-
torcement plies laid at an angle of 34.736 degrees to the axis of the hose result in equivalent axial and
hoop load components in the hose. Under these conditions, the hose will neither foreshorten nor
clongate under internal pressure. [f the lay angle is greater than the neutral angle, the hose will
elongate under internal pressure. Ifthe lay angle isless than the neutral angle, the hose will foreshorten
under internal pressure. It can be seen that under combined axial and hoop loads, the lay angle ot
the reinforcement will always tend towards the neutral angle, causing either elongation or tore-
shortening of the hose.

With this as a basis, the data in Table 3 can be interpreted properly. The very small elongations
observed show that all of the hoses have primary reinforcement very close to the neutral angle. The
residual elongation after pressurization is a result of many factors including the tension placed in the
reinforcement plies during manufacture, the vulcanization process, and the viscoelastic properties of
the materials of hose construction. Residual elongation after pressurization is often used as a quality
control check for hoses. Geometric stability of hoses is a desirable feature, and the small values of
residual elongation for all hose samples can be interpreted to mean that they were generally well
made and that their shape is stable. Although the residual elongation is used sometimes as a figure
of merit of a particular hose, it is, in and of itself, not definitive. A high residual elongation atter
pressurization is cause for concern, however, a low residual elongation does not necessarily mean
that the hose is fit for a particular application.

3.3 Kerosene Tests

Kerosene tests were conducted simultaneously on samples 8UA12B. 6UF10A. 6UA30. and
8P12B. All samples passed with the exception of 6UF 10A which burst after 30 minutes at 600 psi.
The sample failed in a straight, axial tear starting approximately 1 inch from the inside edge of the
end B coupling (see Figure 8).

15




Figure 8.
Kerosene Test Failure of Sample 6UF 10A

Samples 6AW12, and 6AP12 were tested individually due to the limited number of couplings
and the different test procedure. Recall that the Angus samples could never be made leak proot. so
they were tested by filling with unpressurized kerosene. No damage to the hoses was tound atter 24
hours of kerosene exposure.

The premature failure of sample 6UF 10A is most unusual. especially in light of the successtul
hydrostatic test of the similarly constructed 6UF20. Although an extensive autopsy of the failure was
not performed, it seems reasonable to conclude that the failure was due to kerosene penetration.
rather than pressure alone. Supporting this argument is the 30 minutes it took for the sample to tail.
What remains unknown is whether that particular hose type has a design tlaw, or if the particular
sample tested contained a tlaw in the tube which permitted kerosene penetration resulting in failure.

3.4 Vacuum Tests

Samples 8P12B. 6UA30, and 8UA 12B were subjected to the vacuum test immediately following
the kerosene test. Each sample passed the test without incident. Because samples 6AP12 and 6AW 12
are "lay flat” type hoses having no cross-sectional rigidity, they were not subjected to the vacuum test.

3.5 Burst Tests

Burst tests were conducted on samples SUA12A, 6UA30. 6UF20, 8P12A, 6AW6 and 6APO.
Sample 8UA 10 was not subjected to the burst test since it was desired to use this sample also to gather
axial strength data.

16




As previously mentionsd. sumple 6AWo actually burst during the hvdrostatie cov v
approximate!y co ocreent of the hvdrostatic test pressure. the end titting separated from the =
The titting was re-atiached and the sample re-tested. The hose failed o second time by tedring at i

trtng at 487 psic SO perceat ot the hydrostatic test pressure. Figure ¥ shows the failed cample nAWS

Figure 9.
Burst Failure of Sample 6AW6

The probable cause of this failure is the severe stress concentration in the hose carcass caused
by the pinching action of the Angus fitting. The problems with the Angus hose fittings have alreads
been mentioned in relation to sealing. The failure in this test further points out the inadequacy ot
the Angus fitting design. Since none of the more robust Hydrasearch fittings were sized to tit the
Angus hoses, and no other couplings were available, it was impossible to determine the ultimate burst
strength of the carcass of Angus sample 6AW6.

The results of the burst tests are given in Table 4 below, ranked in order of decreasing burst
pressure.




Table 4.
Burst Test Results
Hose Predicted Burst Failure
Sample Burst Pressure Pressure Location
(psi) (psi)
SP12A 900 2,159 Carcass
6UA30 1.600 ~ 1,600 Coupling
(1.830)

SUAI2A 1,600 1,695 Carcass
6UF20 900 797 Carcass
6AWG6 825 487 Coupling
6AP6 500 464 Carcass

The burst failures occurred in two locations, the coupling and the carcass. Coupling faifures
are failures due to the coupling, either by physical separation of the coupling from the hose or by
failure of the carcass plies at the coupling/hose interface. Carcass failures occur away from an end
fitting and are the desired failure mode in a well-built hose.

Samples 6AW6 and 6UA30 experienced coupling failures. Sample GAWE6 failed due to tearing
at the B end coupling. This failure occurred at lower than expected internal pressure and is probably
not indicative of the actual burst strength of the carcass. Sample 6UA30 exhibited ply failure at the
coupling/hose interface. Sample 6UA30 was terminated with a built-in steel nipple with an ANSI
Class 300 flange attached. At approximately 1,600 psi, the inner carcass layers failed at the inside
edge of the end A nipple, causing a large fluid-filled blister on the hose. The hose continued to contain
liquid as the pressure was raised, though the blister size increased dramatically. The outer plies finally
burst at 1,836 psi. The initial failure is probably indicative of the true carcass burst strength, even
though failure did not occur away from the nipple as desired.

18
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Figure 10.
Axial Tear From Burst Test
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Figure 11.
"X" Tear From Burst Test

3.6 Axial Strength Tests

3.6.1 Axial Stiffness Measurements

The first part of the axial strength test was a measurement of the axial stitfness ot each hose
This consisted of taking elongation measurements at incremental loads up to 25.000 pounds tension
tor all hoses except the Pirelli sample, which was only pulled to 15.000 pounds tension due to us
extreme elongation characteristics.

Figure 12 presents the results of the axial stiffness measurements in the form of a graph ot wall
stress versus percentage tree length elongation. The wall stress is the engineering stress in the hose
wall caleulated by dividing the axial force by the original wall cross-sectional area. The free length
of the hose is the total length minus the length of the couplings or built-in steel nipples. The free
length is that part of the hose which is actually free to elongate. the coupling ot nipple length being
rigid and fixed.




Axial Stress vs Elongation
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Axial Stress vs. Elongation Results

Note that the maximum stresses plotted in Figure 12 are not failure stresses, but the stresses
corresponding to 25,000 for all samples except 8P12B, whose final data point is for 15,000 pounds
tension.

The wide spread in observed axial stiffnesses is explained by the different materials and methods
of hose construction represented in the test samples. Figure 13 illustrates the stress vs. elongation
performance envelope which can be expected by varyirg methods of construction.
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Axial Stiffness Performance Envelope

3.6.2 Ultimate Tensile Strength

Axial strength tests were performed on Uniroyal Manuli samples 6UF10B, 6UA12, BUA12B.
and 8UA10; Pirelli sample 8P12B; and Angus samples 6AW12 and 6AP12. The table below sum-
marizes the results of the axial strength tests, ranked in order of decreasing ultimate stress.
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Table 3.
Axial Strength Test Results
Predicted Ultimate Ultimate

Sample Axial Strength Axial Strength Stress Free Elongation
(Ibs) (lbs) (psi) (%)
6API12 47.000 32,936 12,916 --
6AWI12 44,000 34,592 8,605 9.3
6UF10B 55,000 54,627 3,466 14.4
8UAI12B 80,000 100,073 3427 357
8P12B 55.000 119,969 3,030 41.2
6UA12 80,000 52,657 2,769 30.5
8UA10 80.000 78,740 2,684 36.6

The two Angus samples were both the stiffest axially and also had the highest values of engi-
neering wall stress at failure. Samples 6AP12 and 6AW12 ruptured energetically at stress levels of
12.916 psi and 8,605 psi, respectively. Both hoses separated into two sections at failure. The higher
stress levels at rupture are understandable considering that proportionally more of the wall area is
devoted to reinforcement in the Angus samples than is the case in either the Uniroyal Manuli or
Pirelli designs. It is also interesting to note that the Angus type fittings, which performed so poorly
in pressure containment, also caused problems during a tension test by slipping off the hose causing
the test to be restarted.

The Uniroyal Manuli float/sink sample 6UF 10B had much greater axial stiffness than the Pirelli
or Uniroyal Manuli ACP samples, and showed roughly equivalent engineering wall stress capacity as
the ACP construction. The sample ruptured energetically at 54,627 pounds axial force at the inner
edge of the end B split clamp. All plies failed simultaneously with the conduit separating into two
sections.

The Uniroyal Manuli ACP samples, 8UA12B, 8UA10, and 6UA12 displayed higher axial
stiffness than the Pirelli sample, and engineering wall stress capacities spanning the Pirelli per-
formance. Samples 8UA12B amd 6UA 12 failed in the carcass with the polyester reinforcing plies
rupturing suddenly but with the inner tube remaining intact (see Figure 14). Both tests were continued
in an effort to rupture the inner tube, but in each case it continued to elongate under low load to the
stroke limit of the test machine. The considerable spread in values of engineering wall stress at failure
for the Uniroyal Manuli ACP samples (2,769 psi to 3,427 psi) cannot be readily explained. Among
the possibilities are slight differences in sample manufacture and inherent scatter in the test data.
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Figure 14.

Distortion in Pirelli Sample During Tension Test

Pirelli sample SP12B had the largest amount of free length elongation per unit stress (lowest
axial stiffness) and a moderate wall stress capacity. At approximately 70,000 pounds of axial torce.
the sample’s steel reinforcing and nipple binding wires began to break and protrude through the outer
cover. This constituted an operational failure, even though separation of the carcass had vet to tune
place. The severe distortion in the hose profile in the nipple area due to broken binding wires is
shown in Figure 13, The sample ruptured energetically with an engineering wall stress of 3.030
and a total free length elongation of 41.2 percent. The ruptured conduit separated into two pieces.
connected by one strand of reinforcing wire.




Figure 15.

Sample 6AL 12 After Tension Failure
Note: Hose markings in the photo are in error. Sample labeled 6UF 12 was actually 6UA 12

Uniroyal Manuli sample 8UA 10 was equipped with the Hydrasearch repair fitting, and it tuiled
at the hose/nipple interface of the repair coupling. Both the outer polyester reintorcing plies and
the inner liner failed simultaneously at end B with the conduit separating into two sections. Fuailure
at the hose/nipple intertace is common in hose tension tests due to the stress concentration ettedt
caused by hose neck-down over the nipple. In some coupling designs, failure can also be induced at
this location due to a pinching or cutting force at the hose/nipple interface. This is the probable
reason for the lower value of maximum engineering wall stress carried by this sample than the other
3-inch ACP sample.

3.7 Kink Tests

Samples SUAT2A, 6LUA30, 6UF20, and 8P12A and were subjected to kink tests over a range
of internal pressures. All samples passed the kink test, none showing any permanent deformation
or damage due to Kinking. The table below summarizes the results ot the tests. The radii reported
in Tuble 6 are those immediately following the kink. it being impossible to anticipate the kink and
measure the bending radius prior to kinking,




Table 6.
Kink Test Results

Minimum Radius After Kink

(inches)
Sample 0 psi 25 psi 50 psi 100 psi
S8UAIRA 32 11 13 --
6UA30 34 27 12 7
6UF20 76 12 11 2.5
8P12A 59 40 255 18

Attempts to determine minimum bend radius and kinking behavior using the logarithmic spiral
kink apparatus as originally proposed were unsuccessful. When bending the hoses around the spiral,
it was impossible to discriminate the onset of kinking due to the flattening of the hose at the contact
line. It became obvious during the testing that further development work is required on the bending
and Kink test using the logarithmic spiral concept.

3.8 Torsional Stiffness Tests

Torsional stiffness tests were performed on samples 8P12A, 6UF20, 6UA12, and 8UAI12A.
Samples 8P12A, 6UA12, and 8UA12A were subjected to both a vertical torsion test in the SwRI
Torsion Tower, and a horizontal torsion test in the SWRI Hose Horizontal Torsion Tank. Sample
6UF20, because of its length, was tested in the torsion tower only.

A set of torsional stiffness values for each sample were determined by plotting applied torque
vs. angle of twist and evaluating the slope of the first portion of the curve (typically between zero and
ten degrees of rotation depending upon the internal pressure). Beyond this first portion, the samples
began to exhibit nonlinear behavior by buckling in one of two modes. The first buckling mode,
observed at lower pressures and in shorter samples, is referred to as the "dogbone” mode. [t is a
localized buckling of the sample’s cross section (see Figure 16). The second mode, observed primarily
at higher pressures, is the corkscrew instability. In this mode the sample buckles out of plane tforming
a giant corkscrew shape as shown in Figure 17. For each test run, the sample was twisted until one
of the modes of instability was induced. This technique insured that the linear behavior of the sample
had been observed in its entirety. Figure 18 is a plot of applied torque vs. angle of twist for sample
S8UAI2A. Note the linear and nonlinear portions of the graph.
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Figure 16.
The Dogbone Torsional [nstability




Figure 17.

The Corkscrew Torsional Instability




Horizontal Torsional Stiffness Test
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Figure 18.
Torque vs. Twist Plot for Sample 8UA12A

The hoses twisted in the vertical position were pressurized with water. For the horizontal tests,
however, the hoses were pressurized with air in order to keep the test samples afloat during testing.
Horizontal and vertical torsional stiffness values for each sample at each internal pressure are tab-
ulated below and are presented graphically in Appendix B. Note that the stiffness values obtained
in the horizontal tests were much higher than those of the vertical tests for all the samples. Larger
frictional forces in the horizontal test apparatus can account for some of the discrepancy, but the
magnitude of change is large enough to suggest a higher stiffness inherent to the horizontal position.
This result is consistent with results of torsional stiffness tests conducted for the Navsea OPDS
program, which also indicated a much higher value for torsional stiffness for hoses horizontal than
for hoses which were vertical. This phenomena holds true even after the various frictional effects
are accounted for.

No adequate explanation yet exists for this positior dependent behavior. Because of the
importance of the torsional stiffness on flowline hose performance, further research into this effect
would certainly seem warranted.

29




Table 7.
Torsional Stiffness Test Results

Torsional Stiffness, JG
(ft2-1b /rad)

Sample 0 psi 25 psi 50 psi 100 psi 150 psi Orientation
SP12A 365,820 413,480 433,330 471,930 - Horizontul
SUAI2A 212,230 287,020 341,420 415,620 - Horizontal
O0UAI12 126,560 163,790 201,920 227.070 -- Horizontal
SPI12A 15,800 20,600 22,110 11,860 12,050 Vertical
0UAI2 7.680 8310 9,230 9,510 10,030 Vertical
SUAI2A 7,220 19,330 21,690 25,440 26,350 Vertical
6UF20 2.590 2.810 1,820 1,260 1,610 Vertical

In general the torsional stiffness of the samples increased as internal pressure was increased.
The only exceptions to this norm were samples 8P12B and 6UF20 in the vertical position. Sample
8P12A displayed increasing torsional stiffness as pressue was increased from 0 to 50 psi. At 100 psi.
however. the stiffness dropped to approximately one half the 50 psi value. The stiffness then increased

slightly at 150 psi.

One possible cause for this behavior is experimental error. With samples in the vertical position,
it is very difficult to determine visually the onset of non-linear buckling behavior. For this reason.
the torsional stiffness may have been evaluated over a range of twist values which were not as linear

as had been assumed.

Another possible explanation is the nature of the Pirelli sample itself. Recall that this same
construction also showed extremely low axial stiffness, with high elongations at only moderate loads.
It is not unreasonable that a construction which manifests unusual behavior in one loading mode
would also do the samein another. Since the construction details of the Pirelli design were not revealed
to SwWRI, it is not possible to speculate further regarding the behavior of the Pirelli samples.

Sample 6UF20 in the vertical position displayed a consistently low but decreasing JG value
between 0 and 100 psi. At 150 psi the value increases slightly but is still lower than at 50 psi and
below. Again, experimental error is suspected. Tne torsional stiffness for this sample is so low that
"noise” in the testing method may have been a significant part of the measured results. The inherent
seal friction in the hydraulic rotary actuator is probably of the same order of magnitude as the applied
force to the hose sample, resulting in torque readings with a lot of data scatter.
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Recall that sample 6UF20 was also the sample with the longitudinal reinforcement which led
to low elongations under tension. Obviously, the trade-off for low elongation is low torsional stitfness
in this design.

3.9 Crush Tests

Crush tests were performed on 48-inch sections of samples 8P12B, 6UF10B, 6UA12, und

BUA12A. Figure 19 shows the recovery behavior of each of the samples.
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Figure 19.
Crush Recovery Performance

Each sample showed excellent crush recovery characteristics, and showed no signs of carcass
damage even after 100 percent crush.
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4. CONCLUSIONS AND RECOMMENDATIONS
4.1 Conclusions

4.1.1 Problem Areas
The testing program was reasonably successful, however all of the proposed objectives were

not tully realized. A major complicating factor which was unforeseen at the time the project was
planned was the etfect of hose couplings on the results of the hydrostatic. burst. and axial tension
tests. The hose/coupling interaction plays a critical role in the ultimate performance of a hose
subjectedto internal pressure or tension. The test program could have been improved by standardizing
on at most two types of couplings; a built-in steel nipple and a standard clamp-on fitting. The Angus
fitting was of such poor design that it had a pronounced effect on the test data for the Angus hoses
in the three tests mentioned.

A turther complicating factor was the two different sizes of hoses used for testing, both 6-inch
and 8-inch diameters. There were insufficient samples of each size from each manufacturer to
determine the etfects, if any, of hose diameter on the testing results.

Yet another area for standardization should be hose length. More confidence could be placed
in the results if comparisons could be made for hoses of the same length. A standard short length of
hose: 12 feet; and a standard long length of hose; 20, 24, or 30 feet; would have made for more direct
comparisons of results. As it was, the test program had hoses of 6, 10, 12, 20, and 30 feet. Standardized
lengths also make test set-up much easier and lower testing program costs. .

The logarithmic spiral apparatus originally planned for use in the kink test was a disappointment.
The apparatus had been used successtully to determine the minimum bend radius for a flexible pipe,
yet it did not function as planned with the hoses. The problem was the inherent compliance of the
hoses, which permitted them to conform closely to the shape of the logarithmic spiral by flattening
against it. As the hoses were bent to progressively smaller radii, no kinking behavior was observed
because of the flattening,

The amount of torsional stiffness observed for hoses in the horizontal position in the Hose
Horizontal Torsion Tank was totally unanticipated, and the apparatus was under-designed to with-
stand the loads which had to be imparted to the hose test samples in order to twist them. Eventually,
good data was obtained after the apparatus was modified to resist warping, even though the fix was
temporary.

4.1.2 Lessons From the Data

4.1.2.1 Acceptance Tests
A detailed internal inspection of the hose samples was not performed during the acceptance
inspections based on the negative results of all such inspections on the recently completed OPDS




conduit test program. Had the inspection been performed. the hypothesized internal flaw which lead
to the premature failure of Uniroval Manuli sample 6UF10A in the Kerosene test may have been

discovered.

4.1.2.2 Hydrostatic Tests

The hvdrostatic test results show that all hoses had primary reinforcement at the neutral
reinforcement lay angle of 34.736 degrees, even though some samples had considerable longitudinal
reinforcement also. The elongations during the hydrostatic test did not show any significant difference
between hoses with and hoses without longitudinal reinforcement.

4.1.23 Kerosene and Vacuum Tests
The premature failure of sample 6UF 10A highlights the importance of the kerosene test. The
vacuum test is only useful for hoses of rigid cross section, however.

4.1.2.4 Burst Test

The burst test is a primary method of determining hose strength. The data would be more
definitive if all hoses were terminated with couplings or fittings which were inherently stronger than
the hose carcass. As it was, with some hoses failing in the carcass and others failing at the coupling,
direct comparisons of carcass strength were not possible. The primary problem with clamp-on type
couplings is their inability to resist the thrust loads generated by internal pressure acting on the blind
tlange face. The problem is one of inadequate gripping force on the hose wall at pressures approaching
the ultimate strength of the carcass.

The hydrostatic test data do not correlate with the ultimate burst results. The performance
during a simple hydrostatic test cannot be used to predict ultimate burst strength.

4.1.2.5 Axial Strength Tests

The axial stiffness tests were very revealing. The wide variance in performance in this test
among the test samples is an indication of the importance of reinforcement type and lay angle. It is
interesting to compare the Uniroyal Manuli 6-inch ACP and float/sink sample’s performance with
that of the Uniroyal Manuli OPDS conduit, as summarized in the table below.
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Table 8.
Comparison of Uniroyal Manuli Test Results
Axial Ultimate Axial Axial Vertical Torsional
Hose Burst Stiffness Stress Strength Stiffness at 100 psi
Type (psi) (Ibs/in) (psi) (bs) 21/ rad)

Float/Sink 797 2,782 3470 54,630 1.260
ACP 1.600 928 2,770 52,660 9510
OPDS Conduit 3.385 408 5.260 96,145 1,985

From the table, the advantages of wire reinforcement in the OPDS conduit are obvious. Burst
strength is more than twice that of the ACP construction with polyester reinforcement, and ultimate
axial stress and strength are also much higher than in either the float/sink or ACP hoses. The reul
strength of the float/sink design is the longitudinal reinforcement, which gives remarkable
improvement in elongation characteristics and axial stiffness. The ACP and tloat/sink constructions
also showed much less tendency to neck-down under tension than did the OPDS conduit, which is 4
further benetit of the increased axial stiffness in both of these polyester reinforced hoses. The reduced
neck-down is important so far as tlow diameter is concerned, but also makes the ACP and tloat/sink
hoses less prone to failure at the hose/coupling interface, since not as great a stress concentration is
present.

4.1.2.6 Torsional Stiffness Tests

The continuing mystery remains the tremendous difference in performance in the torsional
stiffness tests in the vertical and horizontal positions for all the hoses tested. Some fundamental
principal is at work here which has not yet been adequately explained. Until such time, it is prudent
to test the torsional stiffness of a hose in the position in which it is most likely to be used. Lack ot
understanding of the reasons for the difference in performance between the vertical and horizontal
does not mean that the experimental results cannot be used to good advantage in design calculations.

4.1.2.7 Kink Test

The kink test data is qualitative. The test is useful for determining the toughness of hoses, but
the method is not precise enough to generate quantitative information useful from a systems design
point of view.

4.1.2.8 Crush Test
The crush test, like the kink test, is best used to test the toughness of the hose and its ability to
withstand abuse. The results are not useful to generate quantitative data.
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.2 Recommendations
Upon reviewing the test program and the results generated. several recommendations can be

made regarding the testing methods and future hose research.

Unitorm samples tor testing should be a goal. To the greatest extent possible, test sumples
should be of the same length, diameter, and termination type in order to make accurate data com-

parisons and determine trends.

Better coupling systems need to be developed which can resist the thrust loads at burst pressures.
The Angus coupling, in particular, pertorms very poorly.

The kink test apparatus needs improvement. The OCIMF bending stiffness and Kink test is
inadequate to generate good quality quantitative results, and the logarithmic sniral apparatus needs

further development.

The kerosene and vacuum tests are very useful for rigid cross section hoses, but a satisfactory
alternative needs to be developed for lay flat type hoses. It is easy enough to pressurize a lay tlat type
hose with kerosene, but putting a vacuum on the hose only flattens it, making it impossible to detect
any bleed-back by kerosene which may have penetrated the carcass.

Much work remains to be done with the torsional stiffness tests. The next step should be to
develop a much larger horizontal test tank, so that longer lengths can be twisted while floating. This
would permit more direct comparisons between tests in the vertical position and those in the horizontal
position. Further, thought should be given to fabricating a device to twist the hoses at any angle of
elevation between horizontal and vertical. The results of such a test would greatly aid in understanding
the physical mechanism causing the differences in torsional stiffness. More analytical work is also
required to study the possible reasons for changes in torsional stiffness depending on position.

Finally, until such time as the results can be made quantitative, kink and crush tests could be
eliminated as test methods in future programs. The data from these tests is too qualitative to be

usetul for comparing hose constructions.
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APPENDIX A
ABBREVIATED TEST PROCEDURES
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10.
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Hydrostatic and Burst Test

Lay sample out straight with both flanged ends on rolier dollies.
Use visipak/strip chart to record test pressures.

Pressurize the sample cyclically 15 times to the designated hydrostatic test pressure. Dur-
ing this time verify the proper operation of all instruments.

Pressurize the sample to 10 PSI and record the flange to flange length.

Increase the pressure over a period of 5 minutes to 1/2 the test pressure, hold for 10 min-

utes, then reduce to zero.

Increase the pressure over a period of 5 minutes to the test pressure and hold for [0 min-
utes.

[nspect the sample for leaks and record the flange to flange length.
Reduce the pressure to 0 over a period of 5 minutes.
After 15 minutes, repressurize the sample to 10 PSI and record the flange to flange length.

Slowly pressurize the sample to the minimum acceptable burst pressure over a period ot 13

minutes and hold for 15 minutes.

Slowly increase the pressure until the sample bursts.
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10.
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Angus Hydrostatic and Burst Test

Use visipak;strip chart to record test pressures.

Hang sample from the lift in the Hi-Cap machine. Attach the 650 Ib weight to the lower
flange and lift the hose/weight so that the maximum length of hose is visible from the
instrument table.

Measure the flange to flange length at 0 psi.

Pressurize the sample cyclically 3 times between 50 PSI and the designated hydrostatic test
pressure. During this time verify the proper operation of all instruments.

At 50 PSI record the tlange to flange length.

Increase the pressure over a period of 3 minutes to 1/2 the test pressure, hold for 5 min-
utes, then reduce to 50 PSI.

Increase the pressure over a period of 3 minutes to the test pressure and hold for 5 min-

utes.
Inspect the sample tor leaks and record the flange to flange length.
Reduce the pressure to 50 PSI then record the flange to flange length.

Slowly pressurize the sample to the minimum acceptable burst pressure over a period ot 5

minutes.

Slowly increase the pressure until the sample bursts.
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9.

Kerosene Test

Lay the sample out straight with each end resting on a dolly (additional dollies should be

used to support the middle of longer hoses).

Blank off the ends with ANSI class 300 blind flanges and fill the sample with kerosene.
Use a visipak and strip chart recorder to display/record the test pressures.

Pressurize the sample to its maximum operating pressure and hold for 6 hours.

During this time observe the hose for signs of leaking, swelling, blistering, or other failure.
After 6 hours, reduce the pressure to 1/2 the operating pressure and hold for 12 hours.
After 12 hours drain and vent the sample.

Remove the blind flanges and dry the bore with rags.

Using a strong light, inspect the bore for signs of blistering or delamination.
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Vacuum Test

Perform this test immediately following the Kerosene test. Samples should be layed out
straight and supported by dollies.

Ensure that the sumple bore has been dried thoroughly.
Using hi-vacuum grease, blank off both ends of the sample with clear acrylic flanges.
Apply 15" (Hg) vacuum to the sample and hold for 19 minutes.

Using a strong light, inspect the sample for Kerosene weeping back into the bore (pay spe-
cial attention to the built in nipple areas), blistering, delamination, or collapse of the inner
tube.
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6.

Axial Load vs. Deformation and Axial Stength Test

Install the hose sample in the tensile test machine.

Verify the initial measurements taken during the acceptance test.

(a) Measure length along the single, axial stripe.

(b)  Measure the outside diameter using a Pi tape. Take measurements at each circum-
ferential band.

Load the sample in 5,000lb increments. At each increment, allow the hose to elongate at
constant load for 5 minutes, then repeat measurements 2(a) and (b). Continue loading and
taking measurements up to the pre-determined test tension.

At the test tension, hold the load constant for 15 minutes. Repeat measurements 2(a) and
(b).

Unload the sample to zero tension and allow to relax for 1 hour. Repeat measurements
2(a) and (b).

Video tape the remainder of the test.
Use a string potentiometer to measure elongation during this phase.

Load the sample smoothly and continuously until failure occurs.
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6.

Kink Test

Lay sample out straight on roller dollies. Install a blind flange and lever arm on each end
(one flange should be plumbed to allow pressurization).

Attach a dynamometer to one lever arm. Attach a cable puller between the dynamometer
and the other lever arm.

Begin at 0 PSI internal pressure with the dynamometer zeroed.

Draw the ends of the sample together with the cable puller until a kink forms. Make note
of the dynamometer reading just prior to kinking.

Using a tape measure, determine the minimum radius of the sample at the kink. Photo-
graph the kinked sample.

Unkink the sample and allow it to relax while pressurizing to the next internal pressure.

Repeat steps 4 through 6 for internal pressures of 25, 50, and 100 PSL
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10.
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Vertical Torsional Stiffness Test

[nstall the sample in the Torsion Tower and plumb for pressurization at the lower end. Fill
the sample with water.

Use visipak/strip chart to record the hydraulic pressures delivered to the rotary table.
Begin with 0 PSI internal pressure.

Twist the sample until buckling is observed. Repeat 3 times noting the approximate
amount of twist required to buckle the sample.

Divide the value determined in step 3 into 10 to 1S5 equal increments (normally 3 to 5
degrees per increment).

Allow the hose to relax and record the "zero" position of the twist indicator.

Apply twist to the sample slowly and smoothly. Record the hydraulic pressure at each pre-
determined increment (ie. 0, 3, 6,9...).

Continue to apply twist until buckling is observed, then take 1 additional reading.
Repeat steps 6 through 8 twice, making a total of 3 runs at each internal pressure.
Allow the sample to relax while pressurizing to the next internal pressure.

Repeat steps 4 through 10 for internal pressures of 25, 50, 100, and 150 PSI.




Horizontal Torsional Stiffness Test

Equipment

The samples were tested in the SWRI Horizontal Torsional Test Machine. The test machine con-
sists of a frame and water tank assembly in which the hose sample is floated in the tank and
attached at either end to the frame. At one end, the sample is bolted to a blind flange which is
welded to the test frame. At the other end the sample is fitted with a special flange to which u

central post is attached. The central post slides into the test frame and is tree to rotate and slip
axially. This arrangement constrains the lateral movement of the hose as t applied.

Torque is applied to the sample via a moment arm attached to the flange at the live end of the
hose. The end of the moment arm is a curved shoe with the radius of curvature equal to the
moment arm length. The torque arm is actuated by means of a cable which wraps around the
periphery of the curved shoe, insuring constant moment arm length over a 30 degree angle of rota-
tion. The cable tension required to rotate the sample is provided by a come-a-long and measured
with an in line dynamometer. The cable tension, multiplied by the moment arm length, yields the
applied torque. The dead end flange is equipped with fittings to allow air pressurization of the
sample to pre- determined internal pressure levels.

Procedure

After mounting the sample in the test machine, the water level was raised until it covered the sam-
ple. The sample was then taken through a testing sequence consisting of twisting the sample to
various angular displacements and measuring the applied torque, all over a range of internal
pressures. In each instance, the twisting was stopped when the sample began to show evidence of

cross sectional buckling.




Crush Test

Equipment

The crush test samples were tested in SWRI's Tinius Olsen tensile testing machine. For this test a
6.25" long by 9.69" diameter section of pipe is attached to the cross head and used as a crushing
ram. A deflectometer is used to measure the cross head travel as each sample is crushed. The
cross head travel provides a measurement of both the amount of crush applied, and the detorma-
tion remaining after the crushing force is removed.

Procedure

Each sample was loaded into the test machine so that the crushing load would be applied with the
axis of the sample parallel to the axis of the ram (simulating a vehicle driving over the hose). The
cross head was zeroed with the crushing ram just touching the sample. The sample was then
crushed to predetermined percentages of its original cross section in 10% increments (90%, 30,
70¢%...0%). The sample was allowed to relax for 1 minute between steps. During the test the
applied load vs. cross head travel was recorded by an x-y plotter so the force required for each
amount of crush could be determined as well as the residual deformation after each 1 minute hold.
After the last increment was completed, the hose was allowed to relax for 5 minutes and the resid-

ual deformation again measured.
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Data Package for Pirelli Sample 8P12A
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:Data Tteet No.
Acceptance Test Data Sheet %m,hnum nici/
| L e -
Lyt
re--- Loa=_/.£~'_u-_'”_? ——
— -— —=
End 1 End 2
] L i
_ - L
_.1N1=_Lﬁ L— —4 N2 lﬁﬁr‘—

Free Length = Loa — (N1 + N2) =

Dist from End 1 Outside Diameter
24y /0.994
480 /03"
720 1075
Glo 1055

}Zood /165




Hydrostat:c Staoiiity and Surst Test Results

e}
[@Raldds D]

f

(inch)

Hose ]
Sample (1nch)
5UF20 251.13
Luade SOTST 376.63
LANE n/a
SAP6 83.25
8LA12A 143.56
8P12A 1644.50
8UA10 126.69

255.25
371.00
n/a
84.63
143.75
143,69
124,44

251.00
374.75
n/a
83.31
143.50
144,75
124.75

Hydrostatic Stability and Burst Test Results

Hose
Sample

Growth at Test Residual
Pressure Pressure Growth
%) (PSI) (%)
1.64% 600 -0.05%
0.97% 1066 0.03%
n/a 530 n/a
1.65% 325 0.08%
0.13% 1066 -0.04%
-0.56% 600 0.17%
-0.20% 1066 0.05%
Minimum
Burst Burst
Pressure Pressure
(PS1) (PSI)
900 797
1600 1836
825 ©87
500 464
1600 1695
900 2159
n/a n/a

Growth at Test Residual
Pressure Pressure Growth
(%) (PS1) (%)
1.664% 600 0.05%
-0.97% 1066 0.03%
n/a 530 n/a
1.65% 325 0.08%
0.13% 1066 0.04%
-0.56% 600 0.17%
-0.20% 1066 0.05%




8P12A
Kink Test
Intrnl Req’'d
Press X Y R Pull
(pst) (in) (in) (in) (lbs)
0 120.50 26.25 59.00 250
25 105.00 36.50 40.00 300
50 91.50 42.00 25.50 350
100 61.75 49.25 18.00 540




Torsional Stiffness Test 8P12A

3 PS! Internal Pressure - RAW DATA:

Run 1 Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Press Torque Press Torque Press Torque

(MM) (Deg) (PSI) (Ft-Lb) (PSI) (Ft-Lb) (PSI) (Ft-Lb)
0 0.000 0 Q 5} 0 0 0
3 0.846 154 37.3
4 1.129 118 28.6
6 1.693 223 54.1 177 42.9 152 36.8
9 2.53%9 328 79.5 216 52.4 218 52.8
12 3.386 458 111.0 286 69.3 300 72.7
15 4.232 561 136.0 339 82.2 377 91.4
18 5.078 635 154.0 422 102.3 483 117.1
21 5.925 709 171.9 497 120.5 558 135.3
264 6.771 786 190.6 586 142.1 663 160.8
27 7.618 662 160.5
28 7.900 762 184.8
30 8.464 766 185.7
3N 8.746 841 203.9




Applied Torque, Fi-Lbs
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Torsional Stiffness Test

3P ZA 2t O PSi
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~ <z T = 6.04 + 22,62 * Theta
- = L7 JG = 15,795 {ft"2%1bs/raa)
- . =
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o] 2 4 6 8 10 12 ta

Angle of Twist, Degrees




25 PSI Internal Pressure -

Rotation Rotation
(Deg)

(MM)

—_ e e
- a0

O 00 N O N NN e O
D T M A RN

RAw DATA

Run 1

Hyd
Press

268
381
514
619
742
866
962
1091
1197
1263
1385

Torque

37.
45.

65.
92.
124,
150.
179.
210.
233.
264 .
290.
306.
335.

0
1
6

O WM WV WO O - 00 & O

Run 2
Hyd

Press Torque

(PSI)  (Ft-Lb)
0 0
247 59.9
286 69.3
37 89.9
485 117.6
592 143.5
702 170.2
827 200.5
927 224.8
1031 250.0
1147 278.1
1275 309.2
1389 336.8
1496 362.8

8P12A
Run 3
Hyd
Press Torque
(PS1)  (Ft-Lb)
0 0
180 43.6
220 $3.3
258 62.5
320 77.6
389 96.3
476 15.4
583 141.4
711 172.4
783 189.9
896 217.3
1024 248.3
1104 267.7
1227 297.5
1347 326.6
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Torsional Stiffness Test

EPYZA ar 15 P3|
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- - 2 = T =1.27 + 29.50 * Theta
. =
= JG = 20,603 (ft"2*bs/rad)
-
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50 PSI Internal Pressure - AW CATA 8P12A
Run 1 Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Press Torque Press Torque Press Torque
(MM) (Deg) (PSI)  (Ft-Lb) (PSI) (Ft-Lb) (PS1)  (Ft-Lb)
3] 0.000 0 0 0 0 0 0
3 0.846 1464 3.9 137 33.2
4 1.129 157 38.0
[} 1.693 203 49.2 196 47.5 212 51.4
9 2.539 300 72.7 352 85.3
1 3.103 278 67.4
12 3.386 455 110.3 513 124.4
14 3.950 343 83.2
15 4.232 586 142.1 630 152.7
16 4.514 397 96.2
18 5.078 723 175.3 435 105.5 772 187.2
21 5.925 843 204 .4 530 128.5 872 211.4
24 6.7 973 235.9 631 153.0 981 237.9
27 7.618 1092 264.8 753 182.6 1098 266.2
30 8.464 1210 293.4 861 208.8 1206 292.4
33 9.310 1337 324.2 977 236.9 1350 327.3
36 10.157 1457 353.3 1082 262.4 14644 350.1
39 11.003 1582 383.6 1202 291.5 1576 382.2
42 11.850 1683 408.1 1358 329.3 1699 412.0
45 12.6%96 1773 429.9 1445 350.4 1799 436.2
48  13.542 1844 447.1 1558 377.8 1918 465.1
51 14.389 1905 461.9 1675 406.2 1982 480.6
S4 15.235 1786 433.1




Applied Torque, Ft-tLbs

200.00

100.00

0.00

-100.00

-+
i

orsional

3P 2a gt 50 2SI

Stiffness Test

T = ~277 + 31.68 * Thetqg

JG = 22,111 (ft2%bs/rad)

6 8

Angle of Twist, Degrees




100 PSI Internal Pressure - RAW DATA 8P12A

Run 1 Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Press Torque Press Torque Press Torque

. (MM) (Deg) (PS1) (Ft-Lb) (PSI) (Ft-Lb) (PS1)  (Ft-Lb)

0 0.000 0 0 0 0 0 0
3 0.846 138 33.4 119 28.8
4 1.129 148 35.9
6 1.693 159 38.5 147 35.6
9 2.539 201 48.7 219 53.1 201 48.7
12 3.386 248 60.1 280 67.9 270 65.5
15 4.232 304 73.7 339 82.2
16 4.514 326 79.0
18 5.078 368 89.2 364 88.2 403 97.7
21 5.925 438 106.2 418 101.3 477 115.6
24 6.771 514 124.6 450 109.1 569 138.0
27 7.618 618 149.8 697 169.0
30 8.464 695 168.5 509 123.4 822 199.3
33 9.310 812 196.9 568 137.7 953 231.1
36 10.157 956 231.8 604 146.4 1108 268.7
39 11.003 1072 259.9 652 158.1 1230 298.2
42 11.850 2N 293.6 735 178.2 1344 325.9
45  12.696 1316 319.1 815 197.6 1483 359.6
48 13.542 1446 350.6 930 225.5 1604 388.9
51  14.389 1051 254.8 1722 417.6
52 14.671 1608 389.9
54 15.235 1696 411.3 1169 283.5 1836 445.2
' 57 16.082 1792 434.5 1287 312.1 1921 465.8
60 16.928 1405 340.7
61  17.210 1944 471.4 2082 504.9
83  17.774 1999 484.7 2159 523.5
64 18.056 1558 377.8
66 18.621 2088 506.3 1623 393.6 2254 546.6
69  19.467 1725 418.3 2339 567.2
72 20.313 2222 538.8 1848 4468.1 2671 599.2
76 21.442 1972 478.2
78  22.006 2024 490.8




. ~ . T
Torsional Stiffness iest
30124 at 122 PSI
oo I
//’//
500.70 - 7
///'

2
252020
N
3 L
T 300.00 - B
[o] .
- .
U ;
% > T = =73.70 + 29.11 * Theta
a2 200.00 —
< JG = 20,329 (ft2*tbs/rod)

100.00 — ==

- gf-/ T = 7.23 + 16.98 * Theta
Z7
= JG = 11.859 (f1*2°Ibs/rad)
0.00 &
2 4 8 12 16 20

Angle of Twist, Degrees




150 PS! Internal Pressure -

Rotation Rotation

(MM)

(Deg)

.232
.078
643
.925
.207
Neai
.618
664
.310
.592
.157
.721
.003
.850
.132
.696
.542
.389
.235
.082
.928
774
.503
.185
487
749
.313
.160
.006
22.853
23.699

—_
O\O‘om\lao*\.ﬂ\-ﬂ\l“\wwl\)—‘—‘—'oa
I )

NNN—D—AJ—.—._._A-'_‘_I—A—A_‘_.—-‘
N 2 0 O 0V OB NGOV S UWNN- —»O

RAW DATA
Run 1
Ayd
press Torque
(PSI) (Ft-Lb)
o} 0
141 34.2
187 45.3
308 74.7
352 85.3
442 107.2
575 139.4
701 170.0
827 200.5
966 234.2
1126 272.5
1322 320.6
1388 336.6
1521 368.8
1652 400.6
1761 427.0
1876 454.9
1995 483.8
2115 512.9
2225 539.5
2332 565.5
2439 591.4
2507 607.9
2618 634.8
2706 656.2

Run 2
Hyd
Press Torque
(PSI) (Ft-Lb)
0 0
151 36.6
198 48.0
231 56.0
286 69.3
342 82.9
n 89.9
9 94.8
412 99.9
488 118.3
563 136.5
627 152.0
641 155.4
692 167.8
742 179.9
806 195.4
867 210.2
918 222.6
994 2641.0
1064 258.0
1e7 273.3
1221 296.1
1313 318.4
1365 331.0
139 337.3
1451 351.8

Run 3
Hyd
Press Torgue
(PS1) (Fr-Lb)
0 0
100 24.2
129 31.3
156 37.8
215 52.1
272 65.9
345 83.6
393 95.3
477 115.6
578 140.1
693 168.0
623 199.6
914 221.6
1054 255.6
1201 291.2
1270 307.9
1393 337.8
1478 358.4
1637 396.9
1723 417.8
1778 431.1
1878 455.4
1922 466.1
1997 484.2
2104 510.2
2197 532.7
2355 571.1
2503 606.9
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Torsional Stiffness Test
BPY2A 2t 150 ©5;

/ ’ T = ~40.23 + 26.34 * Theta

7 JG = 18.394 (f1°2%1bs/raq)
T = 4,67 + 1726 * Theta
JG = 12,052 (ft"2%1bs/rad)
0 4 8 12 16 20 24

Angle of Twist, Degrees




Horizontal Torsional Stiffrness Test 8P12A

J PSI Internal Pressure - RAW DATA:

Run 1 Run 2 Run 3
Cable Cable Cable
Rotation Rotation Tension Torque Tension Torque Tension Torgque

(MM) (Deg) (Lbs) (Ft-Lb) (Lbs) (Ft-Lb) (Lbs) (Ft-Lb)
0 0.000 0 0.0 0 0.0 0 0.0
3 0.410 140 186.7 130 173.3
4 0.547 120 160.0
6 0.820 420 560.0
7 0.957 390 520.0 390 520.0
9 1.230 540 720.0
1" 1.504 590 786.7 610 813.3
13 1.777 720 960.0
15 2.051 870 1160.0
17 2.324 980 1306.7
18 2.461 960 1280.0
20 2.734 1080 1640.0 1130 1506.7
23 3.144 1250 1666.7 1230 1640.0 1250 1666.7
26 3.554 1360 1813.3 1360 1813.3 1370 1826.7
29 3.965 1470 1960.0 1470 1960.0
3 4.238 1430 1906.7
33 4.511 1520 2026.7 1510 2013.3




Horizontal Torsional Stiffness Test

3RP12A at O PSI

Wi

4w w o -
|

Ft—Lbs
]
i
0
tat)

N W B WO
i

(Thousands)
1
.\]

Applied Torque,
~N W W
. |

fw

T = 10.25 + 523.88 * Theta

oo oo

)]
1
4

0.5 — al_.ﬂ/'
ra JG = 365.822 (ft"2%Ibs/rad)
0.3 —
0.2 — = _

=

0.1 —

0 1 2 3 4

Angle of Twist, Degrees
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. 25 PS! Internal Pressure - AW DATA: 8P12A
Run 1 Run 2 Run 3
' Cabte Cable Cable
Rotation Rotation Tension Torque Tension Torque Tension Torque
(MM) (Deg) (Lbs) (Ft-Lb) (Lbs) (Ft-Lb) (Lbs) (Ft-Lb)
' 0 0.000 0 0.0 Y 0.0 0 "0
4 0.547 190 253.3 190 253.3
5 0.684 220 293.3
. 8 1.094 370 493.3 410 546.7
9 1.230 520 693.3
n 1.504 610 813.3 660 880.0
l 13 1.777 760  1013.3
15 2.051 890 1186.7
16 2.187 960 1280.0
18 2.4661 1050  1400.0
' 20 2.734 1190 1586.7
21 2.871 1270 1693.3
22 3.008 1350 1800.0
' 25 3.418 1500 2000.0
26 3.554 1570  2093.3
27 3.691 1650  2200.0
29 3.965 1700  2266.7
. 30 4.101 1790 2386.7
32 4.375 1920  2560.0
33 4.511 1910 2546.7 1990  2653.3
. 34 4.648 20640  2720.0
35 4,785 2040 2720.0
36 4.922 2100 2800.0
. 37 5.058 2130  2840.0 2150 2866.7
41 5.605 2310 3080.0
43 5.879 2320  3093.3 2340 3120.0
l 46 6.289 2320 3093.3
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50 PSI Internal Pressure - RAW DATA: 8P12A
Run Run 2 Run 3
Cable Cable Cable
Rotation Rotation Teision Torque Tension Torque Tension Torque
(MM) (Deg) (.bs) (Ft-Lb) (Lbs) (Ft-Lb) (Lbs) (Ft-Lb)
0 0.000 0 0.0 0 0.0 0 0.0
5 0.684 240 320.0 290 386.7 330 440.0
9 1.230 560 746
' 10 1.367 580 773.3 600 800.0
14 1.914 850 1133.3 850 1133.3
15 2.051 850 1133.3
. 19 2.598 1150  1533.3 1160 1546.7
20 2.734 1310 1746.7
23 3.144 1450 1933.3
25 3.418 1630 2173.3 1630 2173.3
' 30 4.101 1920  2560.0 1915 2553.3 1950  2600.0
34 4.648 2210 2946.7 2200 2933.3
35 4,785 2270  3026.7
l 38 5.195 2630 3240.0
39 5.332 2500 3333.3
40 5.468 2590  3453.3
43 5.879 2550 3400.0
l 44 6.015 2780 3706.7
45 6.152 2890 3853.3
47 6.425 2800 3733.3
l 49 6.699 2990 3986.7
50 6.836 2910 3880.0 3150 4200.0
53 7.246 2970  3960.0 3000 4000.0
. 56 7.656 3330 4440.0
58 7.929 3330 4440.0
59 8.066 3210 4280.0
62 8.476 3260 4346.7
' 63 8.613 3280 4373.3




Herizontal Torsional Stiffness Test
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. '00 PSI Internal Pressure - RAW DATA: 8P12a
Run 1 Run 2 Run 3
n Cable Cable Cable
Rotation Rotation Tension Torque Tension Torque Tension Torque
(MM) (Deg) (Lbs) (Ft-ib) (Lbs) (Ft-Lb) (Lbs) (Ft-Lb)
l 0 0.000 0 0.0 0 0.0 0 0.0
4 0.547 200 266.7
5 0.684 260 346.7
. 7 0.957 360 480.0
8 1.096 490 653.3
9 1.230 480 640.0
' 0 1.367 600  800.0
14 1.914 880 1173.3 880 173.3
15 2.051 900 1200.0
19 2.598 1220 1626.7 1205 1606.7 1230  1640.0
. 26 3.281 1580 2106.7
25 3.418 1715 2286.7 1740  2320.0
28 3.828 1920  2560.0
' 30 4.101 2040 2720.0 2060  2746.7
33 4.511 2260 3013.3
35 4,785 2380 3173.3 2410  3213.3
38 5.195 2600  3446.7
' 39 5.332 2700 3600.0
40 5.468 2750  3666.7 2740  3653.3
45 6.152 3090 4120.0 3030 4040.0 3090 4120.0
. 49 6.699 3350 4666.7
50 6.836 3400 4533.3 3430 4573.3
55 7.519 3600 4800.0 3680 4906.7
' 56 7.656 3750  5000.0
60 8.203 3810 5080.0 4020 5360.0
61 8.339 4050 5400.0
. 70 9.570 3940 5253.3
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Data Package for Pirelli Sample 8P12B
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Test Results worksheet
H“ose 8p128

Axial Load vs. Elongation Test

Lo = 145.50 »
Nipple = 18.88 *
Load Actual Hyd. Actual Eng. Measured Free F.L.
Cell Load Press. Load Stress Length Length Elongation

(lbs) (Lbs) (ibs) (psi) (lbs) (psi) (inches) (inches) %)

0 0 0 0 0 0.00 145.50 107.75 0.00%
5000 5853 5162 92 5066 130.36 154.75 117.00 8.58%
10000 11241 10045 169 9983  253.69 168.00 130.25 20.88%
15000 16535 14963 247 14961 377.88 175.25 137.50 27.61%
0 5 0 0 0 0.00 149.50 111,75 3.71%
Avg
Load D1 D2 03 D& DS Avg X-Sect
(lbs) (in) ¢in) (in) (in) ¢in) (in) (sq-in)

(After thr)
0 10.81 10.06 10.22 9.98 10.99 10.09

—
o
[
[+%

Axial Stength Test

i
w
v
o
o
o

Expected Tensile Strength
Actual Tensile Strength = 1902 119969




A«ial Stress vs. Elongation

AITDT e s e S
135 25 S ———
150,30 e ,
7 282.20 I B
o
2 ~ -
2 -~
> 230.00 - o
v /‘/
& 180.00 ——
-
100.26 -——
50.00
5.30 2
3.00% 4.20% 3.50% 12.00% 16.00% 20.00% 24.00% 28.02%

Free Length Elongation (%)




crush Test 8p128
[.D. = 7.5

Reqg’d r.o.
Crush Deflect Load Set  Recovery

&3] ¢in) (lbs) ¢in) (%)
10% 0.75 760 0.08 98.93%
20% 1.50 1112 0.15 98.00%
30% 2.25 1308 g.21 97.20%
40% 3.00 1496 0.29 96.13%
50% 3.75 1664 0.38 94.93%
60% 4.50 1844 0.43 94.27%
70% 5.25 2032 0.49 93.47%
80% 6.00 2252 0.55 92.67%
90% 6.75 2356 0.60 92.00%
100% 7.50 2512 0.65 91.33%
After 5 min. - 0.50 93.33%




Data Package for Uniroyal Sample 8UA12A




 Data dheet No. -

Acceptance Test Data Sheet omam——
J .
- Loa = [£L7 -
)

End 1 End 2
- ] R i
L . 1 —

Free Length = Loa — (N1 + N2) =

Dist from End 1

Outside Diameter

24 0 [0.625
L4ic 7 972
720 9955
7L 7532
/250 e




6APS
8UA12A

8pP12A

8UA10

bunsio

Hycrsstat

L3

83.25
143.56
144.59
126.69

v~

-p RS
el el ('neh)

255.25 251.00
371.00 374.75

n/a n/a
84.63 83.31

143.75  143.50
1643.69 164,75
124,66 12475

Growth at

Stap:.tly and Burst Test Results

Test

Pressure Pressure

%)

(PS1)

Hydrostatic Stability and Burst Test Results

Growth at Test
Pressure Pressure

Residual
Growth
(%)

(%) (PSI)
1.64% 600
0.97% 1066

n/a 530
1.65% 325
0.13% 1066
0.56% 600
0.20% 1066

Minimum
Burst Burst

Pressure Pressure
(PSI) (PSI)

900 797
1600 1836
825 487
500 464
1600 1695
900 2159
n/a n/a

Residual
Growth
%)




Test Results Worksheet for 8UA12A

Axial Load vs. Elongation Test 8UA12A
Lo = 143.63 ¢
Nipple = 20,00 v
Actual Actual Measured Free F.L.
Load Load Load Hyd. Load Stress Length Length Elongatio
(los) Cell {lbs) Press. (lbs) (psi) (inches) (inches) (%)
0 0 0 0 0 0.00 143.63 103.63 0.00%
5000 5441 4792 91 5002 1664.76 145.38 105.38 1.69%
10000 10528 9393 7 10111 322.94 146.81 106.81 3.08%
15000 15549 14037 250 15152 482.60 149.25 109.25 5.463%
20000 20568 18806 332 20382 646.58 154,50 114.50 10.49%
25000 25600 23725 415 25674 815.70 158.75 118.75 14.60%
0 0 0 0 0 0.00 144.38 104.38 0.72%
Avg
toad D1 02 03 D4 05 Avg X-Sect
(lbs) (in) (in) (in) (in) tin) (in) (sq-in)

25000 9.19
(After 1hr)
0 10.58 9.94 9.93 9.90 10.40 ?.92

Hydrostatic and Burst Test

1600 PSI
1695 Psl

Expected Burst Pressure
Actual Burst Pressure




~cse a7 2aA

)
w

|
;

207 - — e - — S UPUIR
o - _——— e e e - -
.
<

100 —_

500 - ———

Axial Stress (psi)

T

o% 2% 4% 6% 8% 10% 12% 14%

Free Length Eiongation (%)




8UAL12A

- —— - — - ——————— - — - ————— - —— ————

Kink Test
X Y R
(1n) (in) (1n)
109.00 32.00 32.00
50.75 52.00 11.00
51.75 52.00 13.00

***No Kink*x*+*




Torsional Stiffness Test

3 PSI Internal Pressure - RAW DATA: 8UA12A
Run 1 Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Press Torque Press Torque Press Torgque
(MM) (Deg) (PS1)  (Ft-Lb) (PSI) (Ft-Lb) (PSI) (Ft-Lb)
0 0.000 0 0 0 0 0 0
2 0.564 99 24.0
3 0.846 146 35.4
4 1.129 166 60.2
5 1.611 131 31.7
8 2.257 193 46.8 195 47.3 175 62.4
10 2.821 248 60.1 214 51.9 194 47.0
13 3.668 277 67.1 226 54.8
15 4.232 254 61.6
16 4.514 279 67.6
17 4.796 254 61.6
19 5.361 282 68.4 297 72.0
20 5.643 264 64.0
21 5.925 310 75.2
24 6.7 337 81.7 322 78.1 304 73.7
28 7.900 374 90.7 345 83.6 340 82.4
30 8.464 393 95.3 365 88.5
33 9.310 617 101.1 385 93.3 389 96.3
36 10.157 413 100.1




Torque, Ft Lbs

Applied

30.

20.

)

00

00

—_— z B
= =
— v/"
- - T = 2227 + 10.61 * Theta
- JG = 7221 (ft"2%bs/rad)
la} 2 4 5 8
Angle of Twist, Degrees




25 2SI intermal Prassure - RAW DATA 8UA12A
Run 1 Run 2 Run 3
Hyd Hyd Kyd

Rotation Rotation Press Torgue Press Torgue Press Torque
(MM) (Deg) (PSI) (Ft-Lb) (PS!) (Ft-Lb) (PS1)  (Ft-Lb)
0 0.000 0 0 0 0 0 0
3 0.846 133 32.2 146 35.4 170 41,2
-] 1.693 240 58.2 246 59.6

7 1.975 220 53.3
8 2.257 333 80.7

9 2.539 345 83.6 348 84.4
12 3.386 446 108.1 464 112.5 436 105.7
15 4.232 525 127.3 545 132.1 513 124.4
18 5.078 573 138.9 642 155.7 590 143.0
21 5.925 604 146.4 706 171.2 647 156.9
24 6.771 641 55.4 766 185.7 718 176 .1
27 7.618 685 166.1 825 200.0 779 188.9
30 8.464 757 183.5 900 218.2 875 212.2
33 9.310 810 196.4 943 228.7 958 232.3
36 10.157 835 202.5 973 235.9 1029 249.5
3¢ 11.003 870 210.9 1068 259.0 1100 266.7
42 11.850 945 229.1 1126 273.0 1188 288.1
45 12,696 965 234.0 1223 296.6

47 13,260 1218 295.3




Torsional Stiffness Test

2.4 2A 3t 25 =S,

Py N - _ _ e - _ _
7052 - T T T -

26020
240.20
12520 - s
R = ‘ ,
2 230.30 = - -
1 - - -
I 3000 - B - -
Y vs020 - - z - B
5 1as.so - o=
z
3 120.00 — o
= §/
T :00.00 - '
q
- T
30.00 T = 7.70 + 28.41 * Theta
53.C0 - 5
JG = 19,328 (ft"2*%bs/rad)
40.00 — -
=
2000 ~ -
3.00 = —
0 2 4 6 8 10 12 14

Angle of Twist, Degrees




50 PSI Internal P-essure - RAW SATA 8UA12A

Run 1 Run 2 Run 3
nyd Hyd Hyd
Rotation Rotation Press Torque Press Torque Press Torque
(MM) (Deg) (PSI)  (Ft-Lb) (PSI) (Ft-Lb) (PSI)  (Ft-Lb)
0 0.000 0 0 0 0 0
3 0.846 350 84.9 200 48.5 197 47.7
[ 1.693 500 121.2 314 76.1 250 60.6
9 2.539 600 145.5
10 2.221 468 113.5 318 77.1
12 2.386 30 169.7 536 130.0 418 101.3
15 4,232 796 193.0 631 153.0 504 122.2
17 4.796 601 145.7
18 5.078 880 213.4 730 177.0
21 5.925 980 237.6 821 199.1 714 173.1
24 6.771 1069 259.2 910 220.6 781 189.4
27 7.618 1163 282.0 992 240.5 828 200.8
30 8.464 1230 298.2 1088 263.8 907 219.9
33 9.310 1306 316.7 1165 282.5 1000 242.5
36 10.157 1368 331.7 1231 298.5 1068 259.0
1416 343.4 1317 319.3 1149 278.6
1473 357.2 1394 338.0 1218 295.3
45 12.696 1300 315.2

G G & & B A Gt &b G G T A O G G D G G e
o
-
=z
a2
o W




l bs

bt

Applied Torque,

50.

()

%]

.20

.00

00

]

T =21.44 + 31.88 * Theta

21,692 (tt°2%bs/raq)

(B8]

- -
s -
//
JGo=
4 6

Angte of Twist, Degrees




123 PSSl Interrnal 2ressure - QAW DATA 8UA12A
Run Run 2 Run 3
Hyd Ryd Hyd

Rotation Rotation Press Tergque Press Torque Press Torque
(MM) (Deg) (PS1)  (Ft-Lb) (PSI) (Ft-Lb) (PSI)  (Ft-Lb)
0 0.000 Q 0 0 0 0 0
3 0.846 195 47.3 181 43.9 212 51.4
6 1.693 252 61.1 296 71.8 292 70.8
9 2.539 400 97.0 434 105.2 a1 99.6
12 3.386 538 130.4 573 138.9 560 135.8
15 4.232 680 164.9 685 166.1 727 176.3
18 5.078 803 194.7 830 201.2 855 207.3

21 5.925 925 224.3 950 230.3
23 6.489 1033 250.5
264 6.771 1028 249.3 1052 255.1 1081 262.1
27 7.618 1125 272.8 1147 278.1 1162 281.8
30 8.464 1257 304.8 1249 302.9 1279 310.1
33 9.310 1353 328.1 1373 332.9 1381 334.9
36 10.157 1429 346.5 1461 354.3 1480 358.9
39 11.003 1539 373.2 1537 372.7 1574 381.7
42 11.850 1590 385.5 1614 391.4 1657 401.8
45 12,696 1700 412.2 1721 417.3




Ft-

Applied Torque,

o

(&)

[
O

<
(1

090

(=]

<}Q<
&\\ll\ |
114

LR

AN

r -
=/

JG =

29 + 37.38 * Thetg

25,435 (tt"2%bs/rad)

4 6

Angie of Twist,

Jegrees

ro




'S5 2§l lnternal Pressure - RAw DATA 8UA1T2A
Run 1 Run 2 Run 3
Hyd Ryd Hyd
Rotation Rotation Press Torque Press Torque Press  Torque
(MM) (Deg) (PS1) (Ft-Lb)  (PSD) (Ft-Lb) (PSI) (Ft-Lb)
0 0.000 0 0 0 0 0 0
3 0.846 233 56.5 267 64.7 226 54.8
) 1.693 286 69.3 337 81.7 296 71.8
9 2.539 467 113.2 481 116.6 479 116.1
12 3.386 408 147.4 634 153.7 611 148.1
15 4.232 725 175.8 789 191.3 784 190.1
18 5.078 890 215.8 915 221.9 910 220.6
21 5.925 1015 266.1 1070 259.4 1047 253.9
24 6.771 1169 283.5 1195 289.8 1166 282.7
27 7.618 1243 301.4 1299 315.0 1308 317.2
30 8.464 1394 338.0 1445 350.4 1435 348.0
33 9.310 1533 371.7 1571 380.9 1552 376.3
36 10.157 1633 396.0 1674 405.9 1675 406.2
39 11.003 1759 426.5 1812 439.4 1815 440.1
42  11.850 1857 450.3 1914 4641 1908 462.7
45 12,696 1909 462.9 2000 485.0 2000 485.0
48 13,542 1965 476.5 217 513.3 2065 500.7
51 16.389 2000 485.0 2166 525.2 2108 511.2
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Ft-Lbs

Applied Torgue,

*00.

Torsional Stiffness Test

2_A°74 3¢ *E0 ES,

-4
=
- =
5
= i
2
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=
B =
>
— ,/h
z T = 16.43 - 38.72 * Theta
- _//Z JG = 26,347 (ft°2%bs/rag)
= 7=
-
0 2 4 6 8 10 12 a4

Angle of Twist, Degrees




4orizontal Torsional Stiffness Test

J PSI Internal Pressure - RAW CATA: 8UA12A
Run 1 Run 2 Run 3
Cable Cable Cable
Rotation Rotation Tension Torque Tension Torgque Tensionr Torgue
(MM) (Deg) (Lbs) (Ft-Lb) (tbs) (Ft-Lb) (Ltbs) (Ft-Lb)
0 0.000 0 0.0 0 0.0 0 0.0
3 0.410 160 213.3
4 0.547 170 226.7
5 0.684 200 266.7
6 0.820 280 373.3
8 1.09¢4 295 393.3
9 1.230 380 506.7
1" 1.504 440 586.7
12 1.661 440 586.7
14 1.914 510 680.0
16 2.187 610 813.3 600 800.0
20 2.734 680 906.7
23 3.144 740 986.7
24 3.281 770 1026.7 770  1026.7
28 3.828 830 1106.7
29 3.965 830 1106.7
30 4.10 870 1160.0
3 4.238 880 1173.3
32 4.375 900 1200.0
34 4.648 930 1240.0
35 4.785 950  1266.7
36 4.922 970 1293.3
38 5.195 990 1320.0
40 5.468 1020 1360.0
41 5.605 1020 1360.0
b2 5.7462 1025 1366.7
45 6.152 1070 1426.7 1075 1433.3
46 6.289 1060 1413.3
50 6.836 1105 1473.3 1105 1473.3

51 6.972 1190  1586.7
60 8.203 1160  1546.7




Ft-Lbs

(Thousands)

Applied Torque,

<

M
(&)

s

(] (e
(&} O

(o]

.20

1

Torsional Stiffness Test

T = 59.89 + 311.92 * Theta

JG = 212.226 (ft"2%ibs/rad)

4 6

Angle of Twist, Degrees




2S5 PSI i(nternal Pressure - RAW DATA: 3UA12A
Run 1 Run 2 Run 3
Cable Cable Cable
Rotation Rotation Tension Torque Tension Torque Temsion Torgue
(MM) (Deg) (Lbs) (Ft-Lb) (Lbs) (Ft-Lb) (Lbs) (Ft-tb)
0 0.000 0 0.0 0 0.0 0 0.0
6 0.820 340 453.3 370 493.3 300 400.0
10 1.367 510 680.0 550 733.3
12 1.641 620 826.7
15 2.051 710 946.7 770 1026.7
16 2.187 830 1106.7
20 2.736 930 1240.0
21 2.871 1000 1333.3
P 3.144 1040 1386.7
26 3.281 945  1260.0
25 3.418 1100 1466.7
30 4.101 1235 1646.7 1280 1706.7 1230 1640.0
33 4.51 1330 1773.3
36 4.922 1410  1880.0
37 5.058 1440 1920.0
40 5.468 1490  1986.7
46 6.015 1560 2080.0
45 6.152 1600 2133.3 1570 2093.3
48 6.562 1640 2186.7
52 7.109 1710 2280.0
53 7.246 1720 2293.3
54 7.382 1730 2306.7
56 7.656 1770 2360.0
60 8.203 1830  ce«i.0 1880 2506.7 1850 2466.7
64 8.750 1900 2533.3
68 9.296 1990 2653.3
69 9.4633 1990  2653.3
70 9.570 2020 2693.3
73 9.980 2030 2706.7
75 10.253 2080 2773.3
79 10.800 2100  2800.0
80 10.937 2130 2840.0
85 11.620 2160 2880.0
89 12.167 2160  2880.0
90  12.304 2190 2920.0




~Lbss

Ft

(Thousands)

Applied Torque,
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C

¥

00

.30
.60

.40

Angle of Twist, Degrees

=:rizontal Torsional Stiffness Test
3.2°2a 31 25 P
3__‘::
-
_ ,C—
S .

- z -
B < T = 76.46 + 421.85 * Theto
- oz
_ =z JG = 287,023 (ft"2%ibs/rad)
-7
0 2 4 6 8 10 12




r—

S0 PS| Internal Pressure - RAW DAia: 8UA12A

Run 1 Run 2 Run 3
Cable Cable Cable
Rotation Rotation Ternsion Torque Tension Torque Tension Torque
(MM) (Deg) (Lbs)  (Ft-tb)  (Lbs) (Ft-Lb) (Lbs) (Ft-ib)
0 0.000 0 0.0 0 0.0 0 0.0
6 0.820 400 533.3
9 1.230 «80 6460.0
10 1.367 530 706.7
11 1.504 610 813.3
15 2.051 850 1133.3
20 2.734 1050 1400.0 1130 1506.7
21 2.871 1160  1546.7
26 3.554 1420 1893.3
28 3.828 1445 1926.7
29 3.945 1500 2000.0
35 4,785 1760 2346.7
37 5.058 1770 2360.0
40 5.468 1810 2413.3
[ 6.015 1950 2600.0
48 6.562 2040 2720.0
6.836 2110 2813.3 2090 2786.7
7.519 2200 2933.3
59 8.066 225¢ 3000.0 2220  2960.0
64 8.750 2350 3133.3
66 9.023 2605  3206.7 2370 3160.0
75  10.253 2540 3386.7 2520 3360.0
76 10.390 2580 3440.0
84 11.484 2670 3560.0
85 11.620 2730 3640.0 2660  3546.7
91 12.441 2820 3760.0
93  12.714 2830 3773.3
9% 12.851 2870 3826.7
104 13.808 2960  3946.7

i
w o




Ft-tbs

(Thousands)

Applied Torque,
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moriTartal Toarsional Stiffness Test
A

B r
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. c =
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s
T = 44.56 + 501.80 * Theta
o
[_“ JG = 341 414 (f1"2%bs/rad)
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- i
0 2 4 ) 8 10 12
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‘20 PS! !nmternal Pressure - RAW DATA: 8UA12A
Run 1 Run 2 Run 3
Cable Cable Cable

Rotation Rotation Tension Torgue Tension Torque Tension Torque

(MM) (Deg) (Lbs)  (Ft-Lb) (Lbs) (Ft-Lb) (Lbs)  (Ft-Lb)
0 0.000 0 0.0 0 0.0 0 0.0
10 1.367 540 720.0 560 766.7
12 1.641 720 960.0
19 2.598 1100  1466.7
20 2.734 1270 1693.3
21 2.871 1300 1733.3
25 3.418 1610 2146.7
26 3.554 1760  2346.7
29 3.965 1710 2280.0
35 4.785 2160  2880.0 2100 2800.0 2220  2960.0
A 6.015 2530 3373.3
45 6.152 2570  3426.7 2650 3533.3
55 7.519 2900 3866.7 2870 3826.7
84 8.750 2970 3960.0
65 8.886 3270 4360.0
66 9.023 3140 4186.7
75 10.253 3340 4453.3 3450  4600.0
76 10.390 3350  44668.7
84 11.484 3630 4840.0
85 11.620 3450  4600.0 3500 4666.7
96 13.124 3660 488G.0C
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Applied Torgque,
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—crizontal Torsional Stiffness Test
2uA2A gt P30 PSH
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“
e
¥
-~ T = -26.62 + 610.86 * Tne'a
. - JG = 415,620 (f1"2%Ibs/raa)
J 2 4 6 8 10 12

Angle of Twist, Degrees




e —

Crush Ceflect

%) {in)

Crush Test SUAT2A

90%
100%
After 5 min.

NN O N BN s O

7.875

eq’a [.D.
Load Set  Recovery

(lbs) (in) %)
540 0.05 99.37%
832 0.10 98.73%
960 0.1 97.97%
1076 0.20 97.46%
1196 0.27 96.5T%
1364 0.31 96.06%
1560 0.38 95.17%
1748 0.39 95.05%
1880 0.4 94.92%
2116 0.4t 96.79%
0.30 96.19%




Data Package for Uniroyal Sample 8UA12B
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' Test Results Worksheet
Hose 8UA128
. Axial Load vs. Elongation Test
' Lo = 144,313 v
Nipple = 20 v
Actual Actual Measured Free F.L.
Load Load Load Hyd. Load Stress Length Length Elongation
(lbs) Cetl (lbs) Press. (lbs) (psi) (inches) (inches) %)
I 0 0 0 0 0 0.00 144.31 104.31 0.00%
5000 5430 4782 93 5130 163.77 145.75 105.75 1.38%
10000 10485 9354 169 9983  320.33 147.19 107.19 2.76%
' 15000 15801 16273 249 15088 488.79 149.50 109.50 6.97%
20000 20808 19038 329 20191 651.96 154.88 114.88 10.13%
25000 25606 23731 405 25036 812.70 159.25 119.25 14.32%
' 0 0 0 0 0 0.00 145.38 105.38 1.02%
Avg
l Load D1 D2 03 D4 DS Avg X-Sect
(ibs) (in) (in) (in) (in) (in) (in) (sq-in)
0 10.65 9.95 9.97 9.96 10.61 9.96 29.20
5000 10.55 9.88 9.92 .M 10.50 9.90
10000 10.45 9.81 9.84 9.83 10.39 9.83
15000 10.28 9.69 9.73 9.55 10.20 9.66
. 20000 9.75 9.06 9.1 8.97 Q.64 9.05
25000 9.27 8.41 8.36 8.36 9.34 8.37
(After thr)
. 0 10.59 9.9 9.92  9.91  10.56  9.91
Axial Stength Test
. Hyd Axial
Press Load
' (PS1)  (Lbs)
Expected Tensile Strength = 80000
l Actual Tensile Strength = 1587 100073




Axial Stress (pst)

A cial

Stress vs. Elon

~cse 3LAY23

400.90

300.50

200.00

100.00

Q.00

th

0.00%

2.00%

4.00%

6.00% 8.00%

Free Length Elongation (%)

10.00%

12.00%

14.00%




Data Package for Uniroyal Sample 8UA10
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Hydrostatic Stapility and Burst Test Results

Growth at Test  Residual

Aose o o Lf Pressure Pressure Growth
Sampie (inch) (rmen)  {inch) (%) (PS1) %)
6UF20 251.13 255.25 251.00 1.64% 600 0.05%
HUAZS utIe 374.63 371.00  374.75 0.97% 1066 0.03%
6AWE n/a n/a n/a n/a 530 n/a
6AP6 83.25 84.63 83.31% 1.65% 325 0.08%
8UA12A 143.56 143.75  163.50 0.13% 1066 -0.04%
8P12A 144.50 143,69  144.75 -0.56% 600 0.17%
8UA10 126.69 124.44 126.75 -0.20% 1066 0.05%

Hydrostatic Stability and Burst Test Results

Growth at Test Residuat
Hose pPressure Pressure Growth

Sample %) (PSI) (%)
6UF20 1.64% 600 -0.05%
Lundo SF30- -0.97% 1066 0.03%

6AWE n/a 530 n/a
6AP6 1.65% 325 0.08%
8UA12A 0.13% 1066 -0.04%
8P124 -0.56% 400 0.17%
8UAT0 -0.20% 1066 0.05%

Minimum

Burst Burst

Hose Pressure Pressure
Sample (PSI) (PS1)




Load
(ibs)

Load
Cell

Test Results worksheet
Hose 8UA10

Axial Load vs. Elongation Test

free

F.L.

Length Elongation

(inches)

%

(After 1hr)
0

Lo = 125.19
Nipple = 12.75 ¢

Actual Actual Measured
Load Hyd. Load Stress Length
(lbs) Press. (ibs) (psi) (inches)
0 Q 0 0.00 125.19
4932 90 4939 168.12 126.25
9305 170 10047 317.20 127.50
14055 249 15088 479.12 129.38
19026 330 20255  648.55 132.00
23484 406 25100 800.50 137.56
0 0 0 0.00 135.75

D1 02 D3 Avg

¢in) (in) (in) (in)
9.93 9.98 9.99 9.97
9.88 9.91 9.92 9.90
9.80 9.84 9.84 9.83
9.72 9.71 9.7 ?.M
9.57 9.55 9.38 9.50
8.70 8.59 8.58 8.62
9.90 9.93 9.94 9.92

0
5597
10432
15569
U796
25356

Axial Stength Test

Hyd Axial

Press Load

(PSI) (Lbs)
Expected Tensile Strength = 80000
Actual Tensile Strength = 1250 78740

Avg
X-Sect
(sq-in)




Axial Stress (psi)
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Ax<igl Stress vs. Zlongation
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Data Package for Uniroyal Sample 6UA30
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“yarzsstatic Stace.

"ty 3ng 3urst Test Results

Growth at Test Residual
1cse -3 ] ¢ Pressure Pressure Growth
Sampie (nen) (rmim) (nch) (%) (PS1) (%)
SUF20 251.13 £55.85 251.00 1.64% 600 0.05%
36 3763 3700 3TaTS -0.0m 066 0.03%

bu(ABt- bAWE n/a n/a n/a n/a 530 n/a
bAPS 83.25 84.63 33.31 1.65% 325 0.08%
8UA12A 143.56 1e3.75 43.50 0.13% 1066 0.06%
8P12A 144.50 123.69 '4w.7S 0.56% 500 0.17%
8UA1D 124.69 126,664 126.75 0.20% 1066 0.05%
Hydrostatic Stabiiity and Surst Test Results
Growth at Test Residual
Hose Pressure Pressure Growth
Sample (%) (PSI) (%)
6UF20 1.64% 500 -0.05%
b WA 3C wﬁsﬂ&a' 0.97% 1066 0.03%
6AWE n/a 530 n/a
6APS 1.65% 325 0.08%
8UA12A 0.13% 1066 0.04%
8P12A -0.56% 600 0.17%
8UAT0 -0.20% 1066 0.05%
Minimum
Burst surst
Hose Pressure Pressure
Sample (PS!) (PSI)
6UF20 900 797
uA30 éo(-!@‘oﬂ 1600 1836
5AW6 825 4«87
6APS 500 464
8UA12A 1600 1695
8P12A 900 2159
8UA10 n/a n/a
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Lt 3T
Kink Test
Intrnl Reqg’d
Press X Y R Pull
(psi) (in) (in) (in) (1lbs)
0 88.00 148.00 34.00 -
25 54.50 82.25 27.00 ~—-
50 -=- --- 12.00 ~--
100 - -— 7.00 -
Burst Test
Expected Burst Pressure = 1600 psi
Actual Burst Pressure = 1836 psi

Test Results Worksheet

Hose -6BF 30




Data Package for Uniroyal Sample 6UA12
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Test Results worksheet .
~
dose bufdd- « WAL W

Axial Load vs. Elongation Test

Lo = 159.25
Nipple = 24.75 “(End A)
Nipple = 23.00 “(End 8)

toad Actual Hyd. Actuat Eng. Measured Free F.L.
Load Cell Load Press. Load Stress Length Length Elongatio
(lbs) (lbs) (lbs) (psi) (ibs) (psi) (inches) (inches) (%)

0 0 0 0 0 0.00 159.25 111.50 0.00%
5000 5870 5177 90 4939 272.25 161.56 113.31 2.07%
10000 11195 10003 17 10111 526.06 167.446 119.69 7.34%
15000 16273 14717 249 15088 773.89 175.13  127.38 16.26%
20000 21365 19576 329 20191 1029.43 180.81 13 5 19.34%
25000 --- --- 406 26973 1313.21  184.50 136.75 22.65%
0 95 10 0 o} 0.00 165.38 117.63 5.49%
Avg
X-Sect
(lbs) (in) (in) (in) (in) (sq-in)

(After thr)
0 7.53 7.51 7.55 7.53

Axial Strength Test

Press Load

(psi) (lbs)
Expected Tensile Strength 80000
Actual Tensile Strength 839 52657

—
o
'3
Q
o
—_
o
~N
o
w
>
<
o




Axial Stress vs. ciongation
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Jertical Torsional Stiffness Test

e AT
3 PS! Internal Pressure - RAW DATA: ~bt-3p- d?
Run 1 Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Press Torque Press Torque Press Torgue
(MM) (Deg) (PSI) (Ft-Lb) (PSI) (Ft-Lb) (PSI)  (Ft-Lb)
0 0.000 0 0 0 0 0 0
3 0.846 61 14.8
4 1.129 63 15.3 51 12.3
6 1.693 78 18.9 64 15.5
7 1.975 65 15.7
9 2.539 122 29.6 86 20.8 90 21.8
12 3.386 154 37.3 126 30.5 140 33.9
15 4.232 180 L3.6 158 38.3 169 41.0
18 5.078 212 St.4 197 7.7 212 51.4
21 5.925 253 61.3 240 58.2 243 58.9
24 6.771 279 67.6 284 68.8
25 7.053 293 71.0
27 7.618 321 77.8 323 78.3 322 78.1
30 8.464 359 87.0 354 85.8 360 87.3
33 9.310 386 93.6 397 96.2
34 9.592 389 94.3
36 10.157 394 95.5 412 99.9
39 11.003 397 96.2 429 104.0 449 108.9
41 11.567 413 100.1
42 11.850 446 108.1 471 114.2
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Torsional Stiffrness Test
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T = 0.046 + 10.06 * Theta

- PRI 16 = 7649 {{t°2%bs/rad)
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U Y
<Gt
25 PS1 Internal Pressure - RAW DATA
Hyd Hyd Hyd
Rotation Rotation Press  Torque Press Torque Press  Toraque
(MM) (Deg) (PSI)  (Ft-Lb)  (PS1) (Ft-Lb) (PS1)  (Ft-Lb)
0 0.000 0 0 0 0 0 0
3 0.846 47 11.4
4 1.129 43 15.3
5 T.en 43 10.4
6 1.693 101 26.5
7 1.975 47 11.4 58 146.0
9 2.539 85 20.6 136 33.0 94 22.8
12 3.386 129 31.3 172 1.7 140 33.9
15 4.232 169 61.0 217 52.6 173 41.9
18 5.078 200 48.5 246 59.6 225 54.5
21 5.925 251 60.8 287 6%9.6 260 63.0
24 6.771 281 68.1 325 78.8 312 75.6
27 7.618 315 76.4 363 88.0 355 86.1
30 8.464 364 88.2 397 96.2 a1 99.6
33 9.310 385 93.3 424 102.8 442 107.2
36 10.157 414 100.4 463 112.3 479 116.1
39 11.003 448 108.6 486 117.8
40 11.285 526 127.5
42 11.850 477 115.6 510 123.6 536 130.0
45 12.696 495 120.0




Torsional Stiffress Test

atloar 1€ 23S

R
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— - //v
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2 PSS!

{nternai Pressure -

Rotation Rotation
(Deg)

(MM)

— .4 b a _4 —a
[o -2 Y N

00 N WV &N e O

0

RAW DATA
Run !
Hyd
Press Torque
(PSI) (Ft-Lb)
0 0
43 10.4
109 26.4
193 46.8
262 63.5
338 81.9
392 95.0
427 103.5
493 119.5
548 132.9
597 164.7
631 153.0
677 164.1
726 176.0

Run 2
Hyd
Press Torque
(PSI) (Ft-Lb)
0 0
64 15.5
126 30.5
195 47.3
270 65.5
336 81.5
383 92.9
462 112.0
516 125.1
583 161.4
616 149.4
665 161.2
77 173.8
759 184.0

Run 3
Hyd
Press Torque
(PSI) (Ft-Lb)
0 0
143 34.7
214 51.9
286 69.3
347 84.1
379 91.9
408 98.9
434 105.2
498 120.7
557 135.0
632 153.2
687 166.6
735 178.2
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*20 sl

Internal

Pregsure -

Rotation Rotation
(Deg)

(MM)

10
15
20
25
30
35
40
45
50
55
60
65
70
75

.643
.053
R
.875
.285
.696
.107
.517
.928
.339
749
.160

RAW DATA

Run
tyd
Press
(PSI)

78
123
203
286
358
404
426
449
529
613
671
732
781
842
884

)

Torque
(Ft-Lb)

18.
29.
49.
69.
86.
97.
1C3.
108.
128.
148.
162.
177.
189.
204.
214,

W N & VN N0 W O WO W NN OO

Run 2
Hyd
Press Torque
(PSI) (Ft-Lb)
0
87 21.
145 35.
225 54.
300 72.
365 a8
465 112.
541 131.
622 150.
681 165.
738 178.
789 191.
844 204.
894 216.

[V, BEEIEY. S

0 00 W O -~ BN~

wamL
BOFZ AT
Run 3
Hyd
Press Torque
(PSI) (Ft-Lb)
0 0
68 16.5
145 35.1
219 53.1
292 70.8
359 87.0
408 98.9
482 116.9
543 131.7
689 167.°
742 179.9
786 190.6
844 204.6
901 218.5
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G
50 2SI Irmterna. Pressure - RAW JATA m-ﬂ,""
Run 1 Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Press Torgue Press Torque Press Torque
(MM) (Deg) (PS1) (Ft-Lb) (PSI) (Ft-Lb) (PSI) (Ft-Lb)
0 0.000 0 1} 0 0 0 0
S 1,611 139 33.7
6 1.693 109 26.4 91 22.0
10 2.821 145 35.1 232 56.2 143 34.7
15 4.232 226 54.8 297 72.0 217 52.6
20 5.643 312 75.6 368 89.2 303 73.5
25 7.053 373 90.4 AR 99.6 383 92.9
30 8.464 409 99.2 440 106.7 436 105.7
35 9.875 488 118.3 494 119.8 536 130.0
40 11.285 570 138.2 575 139.4 625 151.5
45 12.696 632 153.2 644 156.1 721 174.8
50 14.107 722 175.1 702 170.2 819 198.6
55 15.517 802 194.5 785 190.3 904 219.2
60 16.928 881 213.6 884 214.3 946 229.4
943 228.7 988 239.6
986 2391 1035 251.0

G G G N D G B =B G & B G O O T B s B =
3G
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J PS! Internal Pressure -

Rotation Rotation
(Deg)

(MM)

WM s W W NN e e 00O
D T

.339
.860
.728
.902

dsrizontal

RAW DATA:

Run
Hyd
Press
(PSI)

Torsional Stiffrmess Test

1

Torgue
(Ft-Lb)

280

470

605

655

720

Run 2

Hyd
Press
(PS1)

Torque
(Ft-Lb)

270

445

590

655

700
740

Run 3

Hyd
Press
(PSI)

Torque
(Ft-Lb)

300

450

600

660

715
755
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25 281 !nternal Pressure -

Rotation Rotation
(Deg)

(MM)

M O N N~NOO WV WV WV W WHN NN - 2 2000

.000
694

.389
.562
736
.083
.430
.604
.124
.298
645
.166
513
.207
.381
.902
.075
.770
17
N
.985
679
.8%2

RAW DATA

Run 1

Hyd
Press
(PSI)

Torque
(Ft-Lb)

190
335

525

710

885

1040

1090
1165

1225

1240

Run 2

Hyd
Press
(PS1)

Torgue
(Ft-Lb)

190

420

600

790

860

1010

1070

1210

1230

1250

Run 3

Hyd
Press
(PSI)

Torque
(Ft-Lb)

400

585

770

930

1010

1070

1200

1280
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SLAYI oz 12 PS

tiffness Test

L
_ rd
- -
— T‘/f’
- 27/ T = 2415 + 215.41 * Tretq
JG = 163,789 (ft"2%'0s/rad)
- =
s} 2 4 6

angle of Twist, Degrees




Ry 2
33 PSI Internal Pressure - AW DATA - Largiivy
Run 1t Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Pr‘ess Torque Press Torque Press Torgue
(MM) (Deg) (PS1)  (Ft-Lb) (PSI) (Ft-Lb) (PSI)  (Ft-Lb)
0 0.000 0 0 0
S 0.868 200 210
6 1.041 260
9 1.562 400
10 1.736 500 470
14 2.430 610
15 2.6064 730 680
18 3.124 820
20 3.472 920 900
25 4.339 1030
26 4.513 1100
28 4.860 1130
3N 5.381 1200
34 5.902 1290 1270
35 6.075 1290
39 6.770 1350
a1 7.117 1430 1400
44 7.637 1425
45 7.81 1490 1450
48 8.332 1480
50 8.679 1520
52 9.026 1560
53 9.200 1600
54 9.373 1560
60 10,415 1640




=2rizontal Torsional Stiffness Test
2.A2 21 52 8%,

‘:l -
= 5 - - -
- 30 - -
25 )
yI 0 230 - =
Thr .30 - -
3 :
-2 370 - K
¥ 350 - =
z 3.50 — >
< T = —5.06 + 265.55 * Theta
3.40 - z
s - ~ JG = 201.917 (ft°2%5s,/raq)
A
t.In =
c.10 -

0 2 4 6 8

angle of Twist, Degrees




20 F3] interrnal Pressure -

Rotation Rotation

RAW DATA

Run 1
1yd
Press Torque
(PSI) (Ft-Lb)

Run 2
Hyd
Pregs Torque
(PSI) (Ft-Lb)

Run 3
Hyd
pPress Torgue
(PSI) (Ft-Lb)

(MM) (Deg)
0 0.000
4 0.694
5 0.8638
7 1.215

10 1.736
1 1.909
13 2.257
14 2.430
15 2.604
20 3.472
25 4.339
29 5.034
31 5.381
32 5.554
35 6.075
37 6.622
38 6.596
40 6.943
44 7.637
45 7.811
51 8.852

240

540

770

1010
1260

1510

1710

1790
1810

1930

350
500

710

1030
1220
1430

1630

1820

1920

600

8s0
1900
1350

1590

1780




o~
-7
y =2
T
> 2
- =
i'../
2

by

<

(93

[ BN )

(]

O
o
M
O
B
-+
Q

angie of Twist, Degrees

a2 ae 120 =g
_ -
- ;
- ~
- T = 561 + 29863 * Tre'g
~ JG = 227.065 (#~2%bs/rad)
3 > 4 6 3




Crush Jeflect

Crush Tesr

Reqg'd
Load
(lbs)

Set
(i)

1.0.

Recovery

(%)

{%) ¢in)
10% 0.6
20% 1.2
30% 1.8
40% 2.4
50% 3.0
60% 3.6
70% 4.2
80% 4.8
0% 5.4

100% 6.0

After 5 min. -

O O 0O O O O O o O O o
P N




Data Package for Uniroyal Sample 6UF10A
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Data Package for Uniroyal Sample 6UF10B
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T2st Results worksnheet
Hose 6UF10B

Axial csad vs. Elongation Test

----------T

Lo = 133.25
Nipple = 10.00 »

Load Hyd. Actual Actual Eng. Measured Free F.L.
oad Cell Press. Load Load Stress Length Length Elongatio
(lbs) (lbs) (ps1) (lbs) (Lbs) (psi) (inches) (inches) (%)

0 0 0 0 0 0.00 133.25 113.25 0.00%
2000 1637 62 1389 1872 118.80 133.38 113.38 0.11%
5000 4912 91 4318 5002 317.41 133.94 113.94 0.61%
10000 10048 169 8955 9983  633.43 135.06 115.06 1.60%
15000 15275 251 13780 15216  965.48 137.817 117.81 4.03%
20000 20121 328 18376 20127 1277.11 140.446 120.44 6.35%
25000 25029 407 23160 25164 1596.67 142.56 122.56 8.22%
0 338 0 0 0 0.00 135.38 115.38 1.88%
Avg
Load 01 D2 03 04 Avg X-Sect
(lbs) (in) (in) (in) (in) (in) (sq-in)
0 7.46 7.52 7.50 7.48 7.49 15.76
2000 - -- -- --- --
5000 7.45 7.50 7.47 7.46 7.47
10000 7.41 7.465 7.42 7.42 7.43
15000 7.33 7.36 7.34 7.32 7.34
20000 7.26 7.26 7.26 7.23 7.24
25000 7.17 7.18 7.16 7.15 7.17
(After 1hr)
0 7.40 7.64 7.42 7.41 7.42
Axial Strength Test
Hyd Axial
Press Load
(psi) (lbs)
Expected Tensile Strength = 55,000
Actual Tensile Strength = 870 54,627




Axial Stress (psi)

(Thousands)

(&)

(9]

(@]

on

0.00%

T

A«ial Load vs. Liongation Test

~zce K F' 23

—— ——— o —
<

th

2.C0%

4.00%

6.00% 8.0

Free Length Elongation (%)




A

Crush Test

Req’'d
Load
(lbs)

Set
tin)

SUF1

1.D.

o]}

Recovery

(%)

Crush Deflect

(%) in)
10% 0.60
20% 1.20
30% 1.80
40% 2.40
50% .00
60% 3.60
70% 4.20
80% 4.80
90% 5.40
100% 6.00

After 5 min. -

0O O 0 0 0O 0O 0O o o o o
e e e e e e e e e




Data Package for Uniroyal Sample 6UF20
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Acceptance Test Data Sheet omem— —

! ol
3 LA 1.
%,,_,‘ ——y 6__iLoa = ol -t
Fnd 1 | oy 2 |
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l_..iN1=/0-O ‘<— 4..'\12=/_9_;_H
Free Length = Loa -~ (N1 + N2) =

Dist from End 1 Outside Diameter
240 7515
AR ” 7 A
720 7480
G¢o" 7.5
| 20 o' 7570
j4do J53"
/650 7 75"
/620” RS
2 /62 7.5 ¢
Ngnature— N Date
~gs [- ez e |07




Hose
Sample

4ydrestatic Stability and Burst Test Results

Lo
(itngh)

p
(inch)

Lf
(inch)

Growth at

Test

Residual

Pressure Pressure Growth

(%)

(PSI)

(%)

6AP6
8UA12A

8P12A

8UA10

251.13
374.63
n/a
83.25
143.56
144.50
124.69

255.25
371.00
n/a
84.63
163.75
143.69
124.44

251.00
374.75
n/a
83.31
143.50
144.75
124.75

Hydrostatic Stability and Burst Test Results

Hose
Sample

Growth at

Test

Residual

Pressure Pressure Growth

(%)

6AW6

S6AP6
8UA1T2A
8P12A
8UA10

(%) (PSI1)
1.64% 600
0.97% 1066

n/a 530
1.65% 325
0.13% 1066

-0.56% 600

-0.20% 1066

Minimum

8urst Burst

Pressure Pressure
(PSI) (PSI)

900 797

1600 1836

825 487

500 464

1600 1695

900 2159

n/a n/a




5UF20
Kink Test
Intrnl rReq’'d
Press X Y R Putl
(psi) (in) (in) (in) (lbs)
0 174.00 68.25 76.00 30
25 69.00 99.50 12.00
50 n/a n/a 11.00
100 n/a n/a 2.5 .-




-------------------jF

Torsional Stiffness Test

Q0 PS! Internal Pressure - RAW DATA: 6UF20
Run 1 Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Press Torgue Press Torque press Torque
(MM) (Deg) (PS1) (Ft-Lb) (PSI) (Ft-Lb) (PS1) (Ft-Lb)
0 0.000 0 g 0 0 0 0
38 10.7 87 21
40 11.285 98 23.7 82 19.9
80 22.57M 116 28.1
82 23.135 120 29.1
84 23.699 115 27.9
120 33.856 141 34.2
121 34.138 137 33.2
123 34.702 128 31.0
160 45.169 150 36.4 163 39.5 158 38.3
200 56.426 188 45.6 176 42.7 178 43.1
260 67.712 213 51.6 192 46.5 204 49.4
280 78.997 243 58.9 205 49.7 218 52.8
320 90.282 286 68.8 224 54.3 2644 $9.1
360 101.587 312 75.6 269 65.2 268 45.0
400 112.853 335 81.2 278 67.4 284 68.8
4460 124.138 351 85.1 297 72.0 299 72.5
480 135.423 363 88.0 322 78.1 330 80.0
520 146.708 378 91.6 352 85.3 352 85.3
560 157.994 368 89.2 368 89.2
564 159.122 402 97.5
600 169.279 &1 102.1 388 94.1 382 92.6
630 177.743 448 108.6 400 97.0 393 95.3




----------1

Pttt

Torque,

Applied

o
<

o
o)

wn
(@)

40.

O

) o1 o
O [} [

s
(@)

()
(o)

T . T4 f T s
forsinnal Stiffness 1esd
SUFIZ 3t 2 =3,
:
: 3
5

- & — T = 3.85+/2.24%*Theta ) ~10.060*Thetn 2 1+ 5. 64E~-4*Theta"3)
- é JG = 2591 (ft"2¢%ibs/rad) @ 4 deg. twist
~E
0 23 40 60 80 100 120 140 '60

Angle of Twist, Degrees




25 PSi lnternal Pressure - RAW 2ATA 6UF20
un ! Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Press Torque Press Torque Press Torgque
{MM) (Deg) (PS1) (Ft-Lb) (PSI) (Ft-Lb) (PSI) (Ft-Lb)
0 0.000 0 Q 0 G 0 0
39 11.003 70 17.0
40 11.285 85 20.6

42 11.850 95 23.0
80 22.57M 125 30.3 140 33.9 123 29.8
120 33.856 153 37 184 44.6 163 39.5
160 45.141 176 42.7 209 50.7 184 44.6
200 56.426 195 47.3 227 55.0 203 49.2
2640 67.712 ¢al 58.2 242 58.7 241 58.4
280 78.997 274 66.4 258 62.5 268 65.0
320 90.282 322 78.1 296 71.8 283 68.6
360 101.567 347 84.1 324 78.5 319 77.3
400 112.853 374 90.7 335 81.2 353 85.6
440 124,138 405 98.2 354 85.8 381 92.4
480 135.423 428 103.8 376 91.2 412 99.9
520 146.708 464 112.5 393 95.3 436 105.7
560 157.994 472 114.4 415 100.6 445 107.9
600 169.279 496 120.3 441 106.9 457 110.8
630 177.743 509 123.4 459 111.3 470 113.9




GE EE R I G WD N N D OGN o) OGN G G G N G am o |

Pt—1Lbs

Applied Torque,

S}

lll\,lJ

(R

¥
(VIR

[)'F
(el

i\

= T = 0.40+(1.97%Theta)—{0.030*Theta~2)+(1.93E—4*Theta"3)
= JG = 2807 (ft"2%bs/rad) @ 4 deg. twist
20 10 60 80 100 120 140 160

Angle of Twist, Degrees




3] 2SIl nternal Pressure - RAW CATA 6UF20

Run 1 Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Press Torque Press Torque Press Torque
(MM) (Deg) (PSI) (Ft-Lb) (PSI) (Ft-Lb) (PSI) (Ft-Lb)
0 0.0060 0 4] 0 0 0 0
40  11.285 73 17.7 71 17.2 81 19.6
80 22.571 117 28.3 107 25.9 125 30.3
120 33.856 169 41.0 149 36.1 176 42.7
160 45.141 196 47.5 173 41.9 195 47.3
200 56.426 235 57.9 203 49.2 217 52.6
240 67.712 260 63.0 222 53.8 230 55.8
280 78.997 281 68.1 252 61.1 257 62.3
320 90.282 317 76.8 279 67.6 272 65.9
360 101.567 337 81.7 293 71.0 302 73.2
400 112.853 349 84.6 320 77.6 322 78.1
440 124.138 355 86.1 330 80.0 353 85.6
480 135.423 366 88.7 352 85.3 378 91.6
520 146.708 381 92.4 37 8%.9 390 9.6
560 157.994 387 93.8 407 98.7
564 159.122 408 98.9

600 169.279 428 103.8 402 97.5 420 101.8
610 172.100 423 102.6

630 177.743 435 105.5 418 101.3
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Apphed Torque,
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[ev)
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(9]
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54
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Torsional Stiffness Test

0

]

Lild v

B8UF20 ar 50 PIi

1]
il
il [
[¥]
Ui

3
tn .

LIt

T = 0.44+(1.65*Theta)=(0.018*Theta 2)+19.59E~5*The!3"3)

JG = 1815 (ft°2¢%bs/rad) @ 4 deg. ‘wist

40

&0 80 100 120 140 160

Angle of Twist, Degrees

80




----------‘

1C0 PS! !nterral Pressure - RAW DATA 6UF20
Run 1 Run 2 Run 3
Hyd Hyd Hyd
Rotation Rotation Press Torque Press Torque Press Torque
(MM) (Deg) (PSI)  (Ft-Lb) (PSI) (Ft-Lb) (PS1)  (Ft-Lb)
0 0.000 0 0 0 0 0 0
42 11.850 64 15.5
45 12.696 56 13.6 9 22.0
80 22.57 107 25.9 98 23.7 123 29.8
120 33.856 142 34.4 131 3.7 158 38.3
160 45.141 172 41.7 177 4.9 190 46.1
200 56.426 214 51.9 232 56.2 217 52.6
260 67.712 250 60.6 258 62.5 257 62.3
280 78.997 297 72.0 280 67.9 288 69.8
320 90.282 323 78.3 312 75.6 314 76.1
360 101.567 347 864.1 339 82.2 343 83.2
400 112.853 374 90.7 356 86.3 374 90.7
440 124.138 390 94.6 373 90.4
44t 125.266 404 97.9
480 135.423 405 98.2 380 92.1
520 146.708 422 102.3 407 98.7
530 149.530 4b4 107.6
560 157.994 439 106.4 428 103.8
570 160.815 459 1M11.3
580 163.636 466 113.0
600 169.279 458 111.0
610 172.100 467 13.2
630 177.743 468 113.5
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Applied Torque, (-

AN

(KRR

LM L

-

srsional Stiffness Test

50520 2r Q0 PSH
=
r
=
-
=
=
-
=

uh oy

Vbl

40

g
= T = 2.0+(1.07°Theta)—{0.0027*Theta"2)
JG = 1262 (ft"2%1bs/rad) @ 4 deg. twist
T
60 80 100 120 140

angle of Twist, Degrees

160

180




193 PS! intermal Pressure -

Rotation Rotation
(Deg)

(MM)

120
160
200
240
280
320
360
400
440
480
520
550
560
570
600
630

90.
101.
12.
124,
135.
146.
155.
157.
160.
169.
177.

172
994
815
279
743

RAW CATA
Run 1
4yd
Press Torque
(PS1) (Ft-Lb)
0 i}
65 15.7
120 29.1
159 38.5
223 54.1
252 61.1
277 67.1
297 72.0
312 75.6
337 81.7
372 90.2
385 93.3
415 100.6
431 104.5
445 107.9
459 11.3
477 115.6

Run 2
Hyd
Press Torque
(PS1) (Ft-Lb)

0 0
76 18.4
137 33.2
171 41.4
190 46.1
211 51.1
237 57.4
261 63.3
301 73.0
335 81.2
363 88.0
378 91.6
432 104.7
455 110.3
677 115.6
486 117.8

6UF20
Run 3
Hyd
Press Torque
(PSI) (Ft-Lb)
0 0
76 18.4
123 29.8
159 38.5
211 51.1
247 59.9
267 64.7
298 72.2
312 75.6
325 78.8
359 87.0
382 92.6
420 101.8
[ANA 107.6
460 111.5
666 113.0
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Applied Torque,

!

i

[BIN

Torsional

[Nt

i

[

Stiffness

Lho
i i)
[T
[y

i1

thl i

Ui

vl

T = 1.30+(1.40%Theta)—{0.0070* hetg"2"

JG = 1612 {f172%bs/rad) @ 4 deg. twist

(&}

40

50 80 100

Angle of Twist, Degrees

140

160

w
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Data Package for Angus Sample 6AW12
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Test Re5ui"S worksheet

4ose 5AW12

Axial Load vs. Eicngation Test

Lo = 154.00 ¢
Nipple = 7.25 ¢
free
Actual Eng. Free Length

Load Stress Length Elongation
(ibs) (psi) (inches) (%)

14457 3599.57  146.50

Axial Strength Test

Axial

Load

(lbs)
Expected Tensile Strength = 44,000
Actual Tensile Strength = 34,592
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Data Package for Angus Sample 6AW6
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Hydrostatic Stabi. 'ty and 3urst “est Resuits
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(e

¢

(r~cn)

6AP6
8UA12A

8P12A

8UA10

ouade

o UARO

164.50
124.69

371.

.63
143,
143,
1264.

75
69
[AA

Hydrostatic Stability and Burst Test Results

Hose
Sample

Growth at

Test

Residual

Pressure Pressure Growth

%)

(PS1)

%)

Minimum

Burst

Burst

Pressure Pressure

(PS1)

(PSDY

Srowth at Test  Residual
Pressure Pressure Growth
(%) (PS) %)
1.64% 600 0.05%
3.97% 1066 0.03%
n/a 530 n/a
1.65% 325 0.08%
2.13% 1066 0.04%
0.56% 600 0.17%
0.20% 1066 0.05%
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Test Results Worksheet
Asse 6AP12

Axial Load vs. Elongation Test

Lo = 156.63
Nipple = 7.5 "
Free
Actual wall Free Length
Load Stress Length Elong
(lbs) (psi) (inch) (%)

7899 3094.17  144.75
164600 5719.34 147.75

0 0.00 142.38

Axial Strength Test

Expected Tensile Strength = 47,000
Actual Tensile Strength
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Data Package for Angus Sample 6AP6
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Growth at

'ty ang Burst Test Results

Test

Pressure Pressure

(%)

(PS1)

Residual

6AP6
8UA1T2A

8P12A

8UA10

eunlo

255.25 251.00
371.00 374.75
n/a n/a

84.63 83.31
1463.75  143.50
163.69 1464.75
126.66 124.75

Hydrostatic Stability and Burst Test Results

Hose
Sample

Growth at Test

Residual

Growth
%)

Pressure Pressure
(% (PS1)
1.64% 600
0.97% 1066
n/a 530
1.65% 325
0.13% 1066
-0.56% 600
-0.20% 1066
Minimum
Burst Burst

Pressure Pressure
(PSI) (PSI)

900 797
1600 1836
825 487
500 664
1600 1695
900 2159
n/a n/a







